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(57) Abstract 

A system and mediod for inoviding a fuel dis- 
penser (14) with radio frequency custcnner identificatian 
capabilities. The system and ipetfaod deietmlnes wh^her 
a transponder (23. 25) containing customer identiiication 
data is within range of a dispenser (14) diat requires acti- 
vation by die customer to initiate a transaction and has an 
associated reader (20) for emitting radio fiequency sig- 
nab and receiving customer identification data fiom tht 
transponder (23, 25) responsive to the emitted radio fre- 
quency signals. When die transponder (23. 25) is witiiin 
range of die dispenser, an in-nnge indication is pro- 
vided to die customer. Upon activation of die dispenser 
(14) following a detennhiatiaa tint tiie tran^Knder (23. 
25) is within range, the customer identification data le- 
ceived by die reader (20) is associated witti a transaction 
at the activated dispenser. The tnouaction at the acti- 
vated dispenser ( 1 4) is tiiea pennitled and chaiged to die 
customer according to the customer identification data. 
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5 DISPENSING SYSTEM AND METHOD WITH RADIO 

FREQUENCY CUSTOMER IDENTinC ATION 

Cross Reference 

This application claims the benefit of U.S. Provisional Application No. 60/009,369, filed 
December 29, 1995. 

10 Background of the Invention 

The present invention rdales to dispense and, more particularly, to &^ 
radio frequenqr identification technology to automatically identify a customer with little or no 
customer interaction in order to authorize the sale of products or sendees to the customer and to 
subsequently biD the custCHner's charge account for the products or services. The present invention 

15 is particularly usefiil in a service station environment where customers may purchase fiiel for thdr 
vehicles, obtain a car wash, or purchase other items such as food, drinks, or sundries firom a 
convenience store, or drive-through window, that may be located on the premises. 

Typically, when a customer purchases fuel at a service station, the customer presents 
payment, in the form of cash or credit/debit card, to the service station attendant either before or 

20 after fueling. The.attendant controls the activation ofthe dispenser to allow fueling. If payment 
is required before Aiding may he^n, the attendant must activate a switdi, typically near the cash 
register, in order to unlodc the dispenser to aUowfiiding to begi^^ Once fiieling has been completed 
and the dispenser nozzle has been returned to its seat, the attendant manually resets the dispenser 
again through activation of a switch at the ca^ register. 

25 An exan^e of an existii^ service station control system that mtegrates dispenser control and 

cash raster control is the Wayne Plus/2 control system available from Wayne Division, Dresser 
Industries, Inc. of Austin, Texas. The Wayne Plus/2 system includes a host computer or site 
controller and a point-of-sale terminal that interfaces with the attmdant. 

The W^e Phis/2 lK>st conqxjter is provided with a microprocessor and a pump controller 

30 board that is dectrically linked to the various dispensers of the station to provide pump control. The 
pump controller board turns the dispensers on or ofl^ controls the flow rate, and keeps track ofthe 
amount of fiicl diq)ensed. The host conqniter is also provided with memory, communication ports, 
and a serial input/output board C'SIO") that may be linked to a remote customer-authorization 
compute n^oric. 
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5 The point-oP-sate terminal (also known as a Wayne Plus brand Retail Control System) 

includes a card readier for reading and identifying credit/debit cards, a keyboard for use by the 
attendant, and a display. The attendant can use the point-of-sale terminal to process payments and 
to control the activation of the dispense. Should a customer choose to use a credit/d^it card for 
payment, the attendant nnis the card through the card reader, and the credit/debit card information 

10 is forwarded to the remote customer*authorization network for verification and billing. 

Many service stations, howevo-, are now equipped with credit/debit card readers at the 
dispensers for direct use by the customer. An example of a service station system that integrates 
dispenser control, cash feffst& control, and credit/debit card processbg that may be originated at 
the dispenser is the Wayne Phis/3'^ system available from Wayne Divinon, Dresser Industries, Inc. 

IS of Ausdn, Texas. The VlTayne Plus/3 system is amilar to the Wayne PhJs/2 system described above; 
however, the host computer or site controller has been modified to acconunodate dispensers 
equipped with customer-activated-terminals (CATs) electronically linked to the host computer. 

The customer-^ctivated-terminals (CATs) each have a card reader, a display which displays 
messages to the customer, a key pad for use by the customer to make fueling and payment 

20 selections, a printer for printing receipts, and individual price displays corresponding to the 
individual fuel dispenang nozzles of the dispenser. Examples of dispensers equipped with such 
customer*«ctivated tenninals (CATs) are the Vista brand fiiel dispensers available from Wayne 
Divinon, Dresso-bdustnes, Inc. of Austin, Texas. 

The Wayne PLti$/3 host conq>uter is loaded with a software driver (also referred to heron 

25 as a ••primitive) fo€coi<rolling and interfacing with the CATs. Before a customer begins fiiding, 
the customer uses the keyboard of the CAT to select the type of payment desired (e.^., cash or 
credit^dd)itcanO- Xthecustonierchoosestopay imth a credit/debit card, the cu^ 
cralit/dd)itGanlmttot)«Ganl reader at the CAT. The customer then waits for a message to display 
indicatii« that the a&loiriermqr begin Hie CAT forwards the credit/debit card information 

30 to the host comintter which in turn forwards the credit/dd)it card information to the remote 
customer authorizaion network for verification and billing. U.S. Patent No. 5,340,969 issued 
August 23, 1994 1:« Dresser Industries, Inc. describes a method and apparatus for approving or 
disapproving fiiel d^perising transactions using credit cards. 

In both typ«8 of systems desoibed above, the customer is required to interact (for paymmt 

35 purposes) with eWhr the service station attendant or with the customer-activated terminal (CAT) 
at the dispenser. \ S. Patent No. 5,072,380 issued to Robert E. Randelman et al. describes an 
automatic vdiide i^cogmtion and customer billing system that may be used in a service station 
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5 environment The ^steni automatically recognizes vehides and co 
and services with the vdiicle. 

The system of the '380 patent includes an antenna embedded in the ground near a gasoline 
dispensing pump. The antenna is connected to a controller located in a housing near the antenna. 
The controller controls the output of a radio frequency signal from the antenna and can detect an 
10 RF input signal. The antenna is always energized and» therefore, creates an electromagnetic field 
at a predetermined radio frequency in the fueling area. 

The ^stem of the '380 patent also includes an emitter (or card) affixed to a vehicle. The 
card comprises an RF coil and integrated circuit component. Whm the card crosses the 
electromagnetic field, the electromagnetic fidd oiergizes the card. The activated card then emits 
15 an encoded dectromagnetic pulse ngnal. The controller receives the signal and converts it into a 
data Ut stream. A computer recdves the data bit stream from the controDer and in turn utilizes the 
data for displayii« infinmation on the punq) (fisplay, fi)r Gontro 
purposes. 

One disadvantage of the '380 patent is that the antenna v/bidti emits the dectromagnedc 
20 field is embedded in the ground near the fud dispenser. The installation of sudi an antenna (or 
antennas vfhere there is more than one dispenser) can be costly and can create a fire hazard firom 
fueling spills or leaks from the fud storage tanks typically located under ground near the fud 
dispensers. Furdiermore, vrfiere multiple dispensers are present and th^^ore multiple antennas and 
controUo^ are (nesent, the system does not adequately prevent a vehide card firom being activated 
25 by more than one antenna at a time and detected by more than one controller at a time, such as may 
happen where antennas are positioned near each other and therefore interfere with one another. 
Furthermore, the ^stem does not prevent the inadveitent detection of vehide cards not intended 
to be used in a fiiding transaction. 

Many seMce stations provide for separate fueling on both sides of a dispenser and/or have 
30 several dosdiy-spaoed rows of diiq)ensers. With such a dispenser arrangement and the system of the 
'380 patent, the vehide card of a vehide stopped between antennas may be doected by the wrong 
controller, i.e.. one not assodated with the dispenser where the vehide is actually recdving fiiel, or 
may wrongly be detected by a controller, i.e., where the vehide is stopped near an antenna but is 
not fiieling. 

35 Other automatic identification systems &dst that employ radio frequency technology. For 

example, Texas Instruments Incorporated of Dallas, Texas, markets a number of radio frequency 
identification systems referred to conunercially as its Toils'^ (Texas Instruments Registration and 
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5 Identification Systems) product line. The TDUS™ product line includes radio frequency 
transponders (read-only as weD as read-write) that may be low firequency or high frequency in their 
operation and which may be attached to or embedded in objects or may be hand-held. Readers, 
through antennas, send out radio frequency waves to the transponders, and the transponders 
broadcast stored data back to the reader for processing. Suggested applications of the TIRIS™ 

10 product line mdude an automatic access system for parking lot entrance and exit barriers, anti-theft 
systems for vehicles (where a transponder is placed in the ignition key and a transceiver module is 
poatkmed near tiie ^mtk>nX and a fiid dispensing system (where a transpondo- is mounted beade 
the vehicle's fiid tank and a transcdver is nnounted on the fiid dispensing nozzle). The fiid 
dqiensing system afqilication, however, is not denrable because mumenance of the fiid dispensing 

15 nozziewiththetransceivercanpresentaservtceproblemas wdlasare|dacementproblan and, 
fiifthermore. the location of the transponder and transcdvor can create a fire hazard. 

AppUcation of the above-described radio ftequoicy customer identification (RF-CID) 
technology to a service statronenviroranert is fimight with heretofiwe unresolved problems. Inlaiige 
service stations with multiple islands of two-sided pumps and heavy, unpredictable traffic patterns, 

20 Ae potential exists for udntended m>sstalk, i.e., "cross-reads," of an RF-CID transponder attached 
to a vehide by the wioi« antenna/reado-. Crosstalk can resuh in the erroneous billing of a customer 
for services never received. While commercially available readers can be physically linked or 
othervnse operated to syndvonize thdr transmisaon pulses, a system and strategy has not yet been 
devdoped fi>r efiectivdy syndiroiuzing multiple readers in a service station environment to 

25 nunimize, if not ^nunate, cross-reads. The problem of implementing a syndironization strategy, 
once detennined, is fiother oompUcated by indivulud readers dropping out of qmchron^ 

course of detecting transponders. 

In addition to transponder crosstalk, other aspects of the customer identification process are 

less than ided^^ien RF-CID techndogy is used ma service station environment. Asmottioned 

30 prewkwsly, the vdncte recognition system ofthe '380 patent, in addition to providing an 

antenna/controller arrangement, uses a vdiide identification mediod that begins to activate tfie 

account when it is determined tiiat the vehide in prowmity to the antenna has stopped moving, and 

upon such determination, locks out other antennas (and thdr respective pump controllers) firom 

reading the same customer's transponder. While Uie foregoing may be adequate in an idealized 

35 service station environment with predictable vehicle flow patterns, this method of activation is 

umdiable in a station witii multiple islands of two-sided pumps and can result in improper or 

problematic customer activation. 
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5 What is needed, therefore, is a radio frequency customer identification (RF-CID) system for 

a service station that reliably and accurately identifies and charges customers for purchases of 
services or products in an environment having muhiple dispensers and/or sale sites. 

Summary of the Invention 
A dispensing system and method of the present invention, accordingly, utilizes radio 

10 fl*cquency customer identification capabilities in a service station environment to reliably and 
accurately identify and charge customers for their purchases. 

To tWs end, the dispenang system and method of the present invention determines whether 
a transponder containing customer identification data is within range of a dispenser, the dispenser 
requiring activation by the customer to initiate a transaction and the dispenser including a reader 

15 associated therewith for emitting radio firequency signals within the dispenser range, and for 
receiving customer identification daU fixim the transponder responsive to the emitted radio 
fi^uency signals received by the transponder. When the transponder is wttUn range of the 
di^)enser^ an in-iBTige indication is prodded to the customer. A determination is made whether the 
dispense has been activated by the customer fi)llowing a determination that the transponder is 

20 within the dispenser range. Upon activation of the dispenser foUowii^ the determination that the 
tran^nder is witUn the diiq)en5er range, the customer idmtification data recdved by the reader is 
associated with a transaction at the activated dispenser, whereupon the transaction at the activated 
dispenser is permitted and charged to the customer according to the customer identification data. 
In another aspect, the present invention is embodied as a dispensing system that indudes a 

25 tran^nder containii^ oustomor identification data; a dispenser fi>r providing a customer transaction 
within a disposing aiei^ antennas each assodated with the dispensing area of the dispenser, the 
antennas nichiding a long rang^ antenna located relative to the dispenser for use by the transponder 
of a type mounted to a vdiide, and a short range antenna located relative to the dispenser for use 
by the transpondo^ of a type that is hand-hdd; at least one reader connected to the antennas fi^r 

30 emitting radio firequency signals fiom the long rapge antenna within a sdected long range of the 
diq)ensing area, and from the diort raxigfi antenna within a sdected short range of the dispensing 
area, and Am* reoeiviiig customer identification data fiiom die transponder, the customer identification 
data being recdved by tiie reader responsive to the emitted radio frequency signals when die 
tnmqxmderis within its RUige of die diqwiar^ area; and a processor arrangement connected to the 

35 at least one reader and to the dispenser for assodating customer identification data recdved at the 
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5 dispensing area with a transaction at the dispenser, whereupon the transaction at the dispenser is 
charged to the customer according to the customer identification data. 

The present invention overcomes the above-noted problems with the prior art by providing 
a reliable, safe, customer-friendly identification system that can automatically identify a customer 
purchasing services or products at a service station, and bill the customer's account for any 

10 purchases made. The system of the present invention interfiices smoothly with existmg service 
station systems to provide overall customer identification, billing, account status, and pump control. 

Wtth the customer identification system of the present invention, the customer is provided 
the flexilNlity of vmng either a loi^-range, vducIeHmounted tran^nder and/or a short-range, hand- 
held transponder fi^r automatic customer identification and billing, or may override the use of a 

15 transponder and select a more conventional metiiod of pi^ent Both types of transponders contain 
personal customer identification data which is broadcast in response to predetermmed radio 
firequem^ ("RF*) waves. 

The ^stem can include long-range antennas that are mounted to the tops of the fuel 
(fispensers and short-range antennas that are mounted to the sides of the fiiel dispensers. Readers 

20 housed in the diq)ensOT send radio fi:equai(^ power pulses to the antennas which in turn cfirect the 
power pulses to create electromagnetic fields. The antennas are optimally portioned so that the 
dectromagnetic fields cover predetermined areas near the dispenser. The frequency, power, and 
antenna design have been sdeicted to insure a proper read area and to elimiiutte reflective signals that 
are presmt at UHF fi-equendes. The areas are s^ so that there is little or no overlap with 

25 eiectimnagnetic fidds that niay be created at adjacent or nearby dispensers. In the case of a long- 
range antenna, the dectroroagnetic field nray cover an area that extends sevml feet fiom the 
dispenser, whereas in the case of a diort-FBnge antenna, the dectromagnetic fidd may extend several 
inches from the dispenser. 

The antennas also fkk-up oetomer identification data that is broadcast by the transponders. 

30 In particular^ if a vehide-mounted transponder entm the dectromagnetic fidd oeated by a long- 
nmge antenna, the vdiide-«ioijnted transponder will become activated and broadcast its customer 
identification C'CID**) code. The long-range antmna detects the CID code and sends the code to 
the assodated reader for decoding and processing. Similarly, if a hand-held transponder enters the 
electromagnetic fidd created by a short-range antenna such as when a customer waves the 

35 transpond^ in fit>nt of the short-range anterma, the hand-held transponder will become activated 
and broadcast its customer identification C'CID'') code. The short-range antenna detects the CID 
code and sends the code to the assodated reader for decoding and processirig. 
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In order to further minimize die potential for interference between antennas of adjacent or 
nearby dispensers, the system of the present invention coordinates the transmis^on of the pulse 
waves from the various readers. In general, the readers sdectively send out pulse waves so that only 
antennas facing the same direction send out pulse waves at the same time. Other pulse timing 
arrangements could be used for other antenna configurations to eliminate interference from nearby 
dispensers. The system uses sync pulses and timing to coordinate the transmission of power pulses 
through the various antennas of the system. 

The system of the present invention also provides an alert indication for alerting the customer 
when a transponder has been detected and the customer is authorized to begin fueling. The alert 
may be in the form of a light positioned on the dispenser i^ch turns on and off in response to 
various triggers such as the detection or non-diction of a transponder by an assodated antenna, 
the removal or return of an associated fuel nozzle to its seat, the selection of an alternate payment 
method (e^g., credit/dd)it card or cashX Ac recent diction and use of a transponder at the service 
station, the approval of credit, or the denial of credit. 

A technical advantage of the invention is that it int^rates ea^y with the user interftce of 
existing service station equipment 

Another advantage of the invention is that it provides the customer flexibility in selecting 
payment methods without eliminating options available with existing payment processing systems. 

Another advantage is that it can be safely and unobtrusively installed in a service station. 

Brief Description of the Drawings 

Fig. 1 is a schematic Mode diagram illustrating an overhead view of a service station 
equipped with the customer identification system of the present invention. 

Fig. 2 is a graph plottii^ transponder capadtor voltage with respect to time for a 
transponder used with the system of Kg. 1. 

Fig. 3A is a partial rear pmpecdve view of the back end of a vdiide illustrating the 
placement of a vehide-mounted transponder used with the system of Fig. 1 . 

Kg. 3B ilhistrates a card hand-held transponder and a ring hand-held transponder used 
with the system of Fig. 1. 

Fig. 4 A is a side view of a dispenser used with the system of Fig. 1 . 

Fig. 4B is an end wiew of the dispenser of Fig. 4A. 

Fig. SA is a side view of another mbodiment of a dispenser used with the system of Fig. 1 . 
Fig. SB is an end view of the dispenser of Fig. 5A. 
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5 Figs. 6A and 6B are schematic block diagrams ilhistrating components of a dispenser for 

connection to a host computer used with the system of Fig. 1 

Fig. 7 is a schematic block diagram of the site wiring between readers and the host computer 
ofthe system of Fig. I. 

Fig. 8 is a schematic represoitation of a service station environmmt and the anangem^it of 
10 dispensers therein illustrating a reader synchronization strata for the system of Fig. 1 . 

Figs. 9A - 9C are timing diagrams of communications signals on the syndironization line 
between master and slave readers ofthe system of Fig. I . 

Figs. IDA and lOB are detailed timing diagrams showing communications to and from a 
nwster reader ofthe system of Fig. I . ~ 
15 Figs. IIA- 111 and 12 aiieflowchaitsilhistnuing the user operation ofthe ^stem of Fig. 1. 

Fig. 13 is a diagram illustrating the msyor software tasks and subsystems involved in the 
handling of a customer identification (CID) transaction for the system of Fig. 1. 

Fig. 14 is a diagram illustrating the Transponder Reader Task's Data Flow for the system of 

Fig. 1. 

20 Fig. 1 5 is a diagram ilhistratiiig the Return on Status Change inter&ce for the systm of Fig. 

1. 

Rg. 1 1^ a ^iftgF M" ilhifiirating the Authorization Request and Reply Handling for the system 
ofFig. 1. 

Figs. 17A - 17N and 17Q are flowcharts illustraUng the customer identification primitive 
25 tasks ofthe system of Fig. 1 . 

Detailed Description ofthe Preferred Embodimmt 
In Fig. 1, the reference numeral 10 refers to a customer identification (CID) qrstem 
embodying features ofthe present invention. The systm 10 electronically identifies a customer, 
authoriang a transaction invoWing the purchase of goods or services by that customer, and 

30 subsequently bills the customer's account for the services. In one embodiment the system 10 
identifies, authorizes, and bills customers for savices provided at a service station. Generally, the 
system 10 allows customers to drive up to a fiiel dispenser and immediately b^ pumping fuel (or 
have fiid pumped for them) without having to go inside the savice station building to pay for the 
fiiel or having to insert a credit card into a card reader at the fuel dispenser. As explained fiirther 

35 below, the ^stem 10 may also be used for other s«vices at the station such as a car wash or for 
making payments inside a convenience store. 



wo 97/24689 PCT/US9W0860 

-9- 

5 I. SVSTRM OVERVIEW 

In one embodiment (Fig. 1), the system 10 is implemented in a service station environmmt 
that includes two service islands 12, each having two dispensers or fuel pumps 14, it being 
understood that the number of islands and pumps, as wdl as thdr geometry and relationship to one 
another, may vary according to the requvements of the envirormient. Commurucation and 

10 synchronization lines, discussed more fully below, connect the dispensers 1 4 to a host computer 1 6 
for controlling operation of the dispensers. An additional site 18, representing a car wash, food 
service, payment station or other amenity, is also connected to the computer 13. It is understood 
that each of the dispensers 14 includes a dispensing area on each of the opposing sides of the 
dispense, each of which has at least one fiiel nozzle (not shown) and a customer activated terminal 

15 (CAT) (shown in Figs. 4A and SA) for p^oiming traditional dispensing fimctions as well as the 
functions to be described in detail bdow. It is also understood that the computer 16 may be 
connected to a network (not shown) fiyr perfimiuqg fimcdons induding, but not limited to, customer 
billing verification. 

Radio fiequenc^ customer identification (RF-CID) readers 20 are included with each of the 

20 dispensers 12 and vnth the ate 18 (not shown). Connected to each reader 20, and mounted to each 
fiiddiqienser 14, are fisur antennas: two (2) long-range antnnas 22A, 22B mounted to the top of 
the dispenser 14 (on each opposing side thereof) for detecting vehicle-mounted customer 
transponders 23, and two (2) short-range antennas 24A, 24B mounted inside the head of the 
dispenser 14, one on eadi side of the dispenser, for detecting hand-held customer transponders 25. 

25 As discussed in detail bdow, each reader 20 polls the four antennas 22A, 22B, 24A, 24B of each 
dispenser 14, sending power pulses to the antennas, reading the customer identification (CID) data 
d^ected by the antennas firom the transponders (e.g., the transponders 23 or 2S) and sending the 
data to the host compute 16. For example, it is contemplated that a v^de 28 entering a 
dispensing area in firont of one of the fiid dispensers 14 will include a transponder 23 mounted 

30 . tfiereto such that the loi^-rai^aiitenna22B (as shown in Fig. 1) on the dispenser 14 near^ 
vdiide will read the CID data contained in the transponder. 

The transponders 23, 24 are radio finequency identification tags (RFID tags) that may dther 
be mounted to the customers' cars or may be hand-hdd, key ring/chain or credit card st^e units. 
Thetran^nders23, 25 contain customer identification (CID) data that is broadcast in response to 

35 receiving a predetermined radio firequency (^WT) wave (i.e., a power pulse). The RF wave is sent 
by a reader 20 housed in one or more of the dispensers 14. The antennas 22A, 22B, 24A, 24B 
mounted to the dispensers 14 read the broadcast data and send the data to the readers 20 for 
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5, decoding and further transmission to the host computer 16 or also to a network where the data can 
be verified and the customer billed after completion of the fueling or other purchase. 

Suitable transponders 23, 25, antennas 22A, 22B, 24A, 24B, and readers 20 used in the 
system 10 are available fix>m T&cas Instruments Incorporated of Dallas, Texas under the TIRIS™ 
(Texas Instnimmts Registration and Identification Systems) product line. Some of the TIRIS™ 

10 product line is described in a brochure entided "Texas Instruments Registration and Identification 
Systems**, Docummt Number 22-27-008 (1994), which is incorporated herein by reference. 
Information about these con^xments is publicly available firom Texas Instniments Incorporated and 
should enable those of ordinary skill in the art to make and use the system 10, following the 
description set forth in this spedfication to achieve desired functionalities. 

15 In one preferred embodiment, the readers are low frequency readers that smd out periodic 

power pulses of approximatdy 134.2 kHz to the antennas 22A, 22B, 24A, 24B and receive signals 
at about 900 MHZ. Other suitable parameters are also contemplated. Such a reader is the Series 
2000 Reader System available fi-om Texas Instruments, Inc. of Dallas, Texas. Alternatively, the 
reader may be a high fiiequenc^ reader. The long range antennas are preferably gate antennas such 

20 as the G03, G02, or GOl model antennas avaihd)le fi-om Texas Instruments, Inc. The long-range 
antennas nu^ also be custom antennas that blend with the appearance of the dispenser 14. The short 
laqg^ antennas are imfianbly ferrite rod antennas available firom Texas Instruments or alternatively 
may be constructed firom a printed circuit board that inchides a coil having an appropriate 
inductance. 

25 The readers 20 send out periocfic, tow fiequenqr, power pulses of approximately 134.2 kHz 

to the antmnas 22A, 22B, 24A, 24B. The antennas 22A, 22B, 24A, 24B in turn direct the 
AirfmitMi gpw»rir. liAig ggnerated hy the power pulses to particular areas adjacent the dispensers. A 
power pulse lasts qypioximatdy 50 milEseamds (ms) and may be generated eveiy 90 ms to 1 40 ms. 
When a tran^nd^ 23 , 25 enters the dectromagnetic field, the energy is coUected by an antenna 

30 (nc^ shown) in the tran^nder and stored in a small capadtor (also not shown). After the power 
pulse is completed, the transponder 23, 25 transmits the customer identification data using the 
energy stored in the capacitor. The antennas 22A, 22B, 24A, 24B mounted to the dispensers 14 
read the data broadcast from the transponder 23 or 25 and send the data to the readers 20 for 
decoding and further transmission to the host computer 16 or a network where the data can be 

35 verified and the customer billed after completion of the fiieling or other purchase. 

Fig. 2 graplucally illustrates the operation of a transponder 23 or 25 in cooperation with a 
reader 20. Responsive to a reader 20 emitting a power pulse (typically occurring for 50 ms), the 
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transponder 23 or 25 (if withiii range) will be duirged as indicated by the increase in the voltage 
potential of its capacitor (not shown). Once chaiged, the transponder 23 or 25 then emits a 
response signal (lasting about 20 ms) thereby sending its customer identification data to the reader 
20. In total about 128 bits are transmitted v^ch are pdced up by the antm^ one of antennas 
22A, 22B, 24A, 24B) of the read^ 20 and then are decoded. Once the data has been sent, the 
transponder 23 or 25 continues to discharge its storage capacitor thereby resetting the transponder 
to make it ready for the next read cycle. The period between the transmission pulses is known as 
the ^sync time** and hists for about 20 ms, depending upon the chosen criteria. The next power 
pulse may be transmitted approximately . 20 ms to 50 ms after the transponder 23 or 25 has 
complied transmitting the data. As explained fiirtha- below, the sync time between pulses is used 
to coordinate the transmission of the power pulses through the various antennas 22A, 22B, 24A, 
24B of the system 10. 

According to one embodiment of the invention, it is desirable to transmit the power pulse 
at a low frequency and chaige the capadtor in transponders 23 and 25. The transpondm are 
designed to onit the response signals at a higher firequency, such as Low Uhra Hi^ Frequency. 

Referring again to Fig. 1, it is undetstood that the illustration is not necessarily drawn to 
scale. In a typical service station, the vndth of the dispensers 14 is q>proxiniately 48 inches. 
Furthermore, the distance between the dispensers 14 on a nngle island 12 is approxinuitdy 3.6 to 
6 meters, and the distance between fiicing dispensers 14 of adjacent islands 12 is approximately 8 
meters. Each fiid di^ienser 14 has two sq>aratediq)ensing areas, one on each side of the dispenser 
14, vihere the fuel nozzles and r^stm are located. As indicated above, each dispensing area 
typically also has a customer activated terminal C'CAT') that a customer uses to make selections 
such as type of payment and where messages may be displayed to the customer. Other possible 
arrangements of the system 10 include environments with more than two service islands, not 
necessarily paiaDd to one another, or ar r an gements in which the islands form a circle with inner and 
outer rows or islands. 

Rrferring to Fig. 3A, the vehide-mounted transponder 23 may be mounted to the rear 
window 28 of the vehicle 26 preferably near the ade of the vefaide vAierc the fuel door 30 is located. 
In 3 A, the veMdMnounted tranqxmder 23 is positioned approximately two (2) inches from the 
top 32 and side 34 edges of the rear window glass. The vehide-mounted transponder 23 may be 
applied to the window 28 with adhesive-backed VH-CRO® pads. One pad is adhered to the 
transponder 23 and another is adhered to the inside suffice of the vehide window 28. Although the 
vdiide-mounted transponder 23 has been described herein as being positioned on the rear window 
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5 28 of the vehicle 26» other locations such as a side window may be suitable depending upon the 
particular arrangement of the long-range antennas 22A, 22B. Furthermore, other means for 
mounting the transponder 23 to the vehicle may be used. 

Fig. 3B illustrates two variations of a hand-held transponder 25 which a customer can wave 
in front of one of the short-range antennas 24A, 24B mounted on the opposing sides of the dispenser 

10 14. The hand-held transponder 25 may be a key ring or chain style unit 25A or a credit card style 
unit 2SB, or have a different suitable hand-hdd form. Variations in the shape and wsq of the 
transponder 25 are contemplated. 

Figs. 4A and 4B illustrate a mounting arrangement for the four antennas 22A, 22B» 24A, 
24B on a dispenser 14. The two l(M^-rang^ or vdudennoumed, antennas 22A,22B, are 

15 mounted to a top 36 of the dispenser 14. One long-raqge antenna 22A or 22B extends outwardly 
from each side 38A or 38B of the dispraser 14 so that the plane of the antenna is substantially 
perpendicular to the ade 38A or 38B of the dispenser 14. The antennas 22A, 22B transmit equally 
wdl from dther side of the antenna, perpendicular to the plane of the antenna. The antennas 22 A, 
22B, theiefore, are aligned so that the electromagnetic field generated from one side of the antenna 

20 is directed toward the dispensing area for a vehicle on the appropriate fiieling ^de of the disp^iser 
14, and the electromagnetic field fix>m the other side of the antenna is directed up and away fipom 
the other side of the dispenser 14 as shown. 

The top 36 of the dispenser location provides the optimum performance for reading vehicle- 
mounted tianspcMiders 23. Tlus location and orientation of the long range antennas 22A, 22B also 

25 eliminates any problems associated with reading a vehicle-mounted transponder 23 of a vehicle 
located on the oppoate ade of the diq>enser 14. Furthermore^ with this location and orioitation, 
the radio frequent waves are less likely to reach the fiiding areas of adjacent service islands 12. 

The sliort-^Bnge^ or key ring^creditcanl style transponder antei 24B are preferably 

mounted within the dispenser 14 head behind corresponding authorization lights 45A, 45B. The 

30 authorization lights 45A, 45B advise the customer that he or she is authorized to pump fuel. One 
short-range antenna 24A or 24B is positioned on either side 34A or 34B, respectively, of the 
dispenser 14 as shown in Ftg. 4B. The antmnas 24A, 24B are also positioned near opposing ends 
46 of the dispenser 14 as ^own in Fig. 4 A. This positioning of the antennas 24A, 24B helps 
prevent the reading of transponders from the wrong side of the dispenser 14. In another 

35 embodiment, the authorization lights 45 A, 45B can be located apart from the disp^iser 12 or in 
different locations on the dispenso*. 
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Fig. 4A also shows the custonw-acdvated-tenranal C'CAT) on the dispenser 1 2. The CAT 
includes a diq)lay 50 whm messages may be presented to the customer and a pad 55 which the 
customer may use to make various selections discussed further below. 

Figs: 5 A and 5B iDustrate a second possible arrangement of the antennas on the dispensers. 
In this onbodimCTt, the longHiange antennas 22 A', 22B' are mounted to the top of the dispenser 14' 
and ext^d outwardly from the sides 38A', 38B' of the dispenser 14' at an upward angle as shown 
in Fig. 5B. The electromagnetic fields are directed from one side of the antenna toward the 
appropriate fueling area and are directed up and away from the other side. The short-range antennas 
24A\ TAB* of this embodiment are arranged in a similar manner as the short-range antomas of the 
first embodiment. 

The transponders 23 and 25 may be read only (R/O), low firequency RFID tags containiqg 
a 64-btt customer identification code and are available from Texas Instruments, Inc. For example, 
the vehid^-mounted transponders may be low fiequency tranqxmders available from Texas 
Instruments' Vdude and Container Smes, and the short-range transponders may be low tcqnmcy 
transponders available from Texas Instruments* Badge & Card Soies. 

Ahemativeiy, the transponders 23, 25 may be read/write (R/W), low firequency RFID tags 
with a range of different memory capadties. Such RAV transponders are available from Texas 
Instruments Incorporated. One type of R/W transponder commerdally available from Texas 
Instruments Incorporated is an "^authenticated" transponder. Such transponder receives a 40-bit 
challenge code fiiom reader 20. Every transponder has a unique algorithm contained therein. The 
transponder receives the 40-bit code» processes it with the unique algorithm, and returns to the 
reader 20 a 24-bit answer. Thus the reader 20 receives the transponder number and the 24-bit 
answer. The reader 20 then sends to the host computer 16 the transponder number, the challenge 
code and the answer received fiom die transponder. The host compute 16 then refers to a look-up 
table fi>r that transponder nunri>er, identifies the algorithm for that transponder, and runs the 40-bit 
code throi^ that algorithm, and gets a 24-bit answer out of its algorithm, then compares that with 
the wnswer that came firom the transponder. If the answers match, it is an authentic transponder. 

The customer identification codes (QDs) on the R/W transponders may be changed or other 
data added for business and/or security purposes. For example, the number of times in a day that 
a vehicle-mounted tranq>onder is used for a fiieling transaction at a particular service station or 
locality can be tradced and written to the transponder 23, 25. This information can be used for 
various reasons including limiting the number of times that a vehicle-mounted transponder can be 
used in a day. Furthermore, personal preference information related to the buying experience may 
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5 be written to the transponder. Likewise, the transponder can be connectable by a suitable tnter&ce 
to microprocessors such as a vehicle's on-board computer so that, in cooperation ^th the system 
10, information can be written to the transponder and then displayed to the customer while fiieling 
(e.g., fuel economy calculations, miles traveled since last fill up, ragine conditions and the like). 
The actual reading range or distance for the antennaAnmqxmder combinations dq)ends upon 

10 such criteria as transponder size and type, antenna ^ze and type, transponder and antenna 
orientation, and electromagnetic noise. A combination of a long*range antenna 22A or 22B 
mounted to the top of the dispenser 14 and a vehicle-mounted customer transponder 23 preferably 
provides a read range of up to approximately seven (7) feet measured from the side face of the 
dispenser 14. The combination of a short-range antenna 24 A, 24B located in the dispenser 14 head 

15 and a k^-ring or credit card style customer transponder 25 preferably provides a read range of four 
(4) to six (6) inches. 

Table 1 bdow shows preferred read ranges for the vducle-mounted transponder/antenna 
comhination and the key cluun/credit card transponder/antenna combination in one embodiment. 



TABLEl 



20 



Transponder Type 


Read Range* 


On Side 


Offside 


Vehide Mounted 


Deptfi**: 

Minimum: 60 inches 
Ideal: 84 inches 

Width: 42 to 60 inches 

Height': 39 to 60 inches 


IS indies 


Key Chain/Credit 
Card 


Bezd sur&ce to 4 to 6 indies' 


No reads 
allowed 



25 "Measured from bezd surfece 

Measured perpendicular to the side of the dispenser 
^Measured from the base of tiie dispenser 
Measured perpendicular to the side of the dispenser 

30 Rg. 6A is a schematic block diagram illustrating hardware details of a dispenser 14 for the 

system lO! The two long-range antennas 22A, 22B (each labeled as "TOP OF DISPENSER 
ANTENNA") are mounted to tiie top 36 (Fig. 4A) of tiie dispenser 14 in a "safe area" 57. An 
antenna conduit assembly 60 extends tiirough a "dispenser uprights" section 58 and a "dispenser 
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5 hydraulic** section 59 to a "dispenser head safe area** 61 for connecting the long-range antennas 
22A, 22B to a multiplexer 62 ("MUX"). The multiplexer 62 is housed in the disposer head safe 
area 61 along with the reader 20. The dispenser head safe area 61 is separated from the hydraulic 
section 59 by a vapor banio' 64. 

Also housed in the dispraser head safe area 61 and coupled to the multiplexer 62 are the 

10 short-range antennas 24A, 24B (each labeled "KEY RING ANTENNA**). The mukiplexer 62 
controls the transmission of the energy pulses from the antennas 22A, 22B, 24A, 24B. A 
synchronization ("SYNC*) line 66 provides the coordination conunands to the multiplexer 62 for 
transmitting power pulses. A radio frequency f'RF') line 68 provides the low frequency, FM power 
pulses that are transmitted by the antennas 22A, 22B, 24A, 24B. 

15 The multiplexer 62 and reader 20 are both coupled to the authorization lights 45A, 45B for 

controlling the activation of the lights. The reader 20 is coupled to the host computer 16 (Fig. 1) 
via a communications ("COMM**) line 72 and to the other reada^ 20 via a synchronization 
("SYNC**) tine 74. A power supply 76 housed in the dispenser 14 head provides power to the 
reader 20, the muhiplexo' 62 and the authorization lights 45A, 45B. The power supply 76 is also 

20 coupled to an outside power source via a power line 78. A nuun conduit assembly 80 ( labeled 
"ASSY**) supports and protects die communication line 72, the sync line 74, and the power line 78 
which are fed to a munjuncdon box 82 coupled to the power storage source and the host computer 
16. 

Fig. 6B is a schematic illustrating the signal flow between the host computer 16, the 
25 dispenser 14 and the antennas 22 A, 22B, 24 A, 24B connected to the antennas through the MUX 
62. Each reader 20 includes a mi(7oprocessor (not shown) and progranuning instructions (i.e., 
software, not ^own) for causing the power pulses to be generated by the antennas 22A, 24A, 22B, 
24B through the charaids of the MUX 62 that connect each antenna to the reader. To be properly 
synchronized, for reasons described bdow, aD of the readers 20 in the system 1 0 must ^cle through 
30 the MUX 62 diamids to activate the antennas 22A, 24A, 22B, 24B attadied thereto in a predefined, 
coordinated sequence. For example, in the Qhistrated embodiment each reader 20 includes a MUX 
62 with four chamids wherrin each dumnel 1-4 is connected to a different antenna M (e.g., 
antennas 22A, 24A, 22B, 24B). Synchromzed q)enition, as explained below, therefore requires that 
aU ofthe readers 20 generate a charge pulse on channd 1 at the same time, on channel 2 at the same 
35 time, on phannd 3 at the same time and on channd 4 at the same time. Ifone reader generated a 
charge pulse on channel 1 while another reader 20 generated a charge pulse on channel 3, or if the 
readers 20 each operated to generate pulses on any of the channels indq)endently of the other 
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5 readers, then the readers would be out of synchronization. To keep all of the readers 20 in 
^ndironizadon, the sync line 74 (Fig. 6A and 7) connected to each of the readers 20 instructs the 
MUX 62 in each reader (through the sync line 66) when to generate a charge pulse and on what 
channel to generate it. 

Fig. 6B fiuther iDustrates the communication between payment terminal and pump controller 

10 circuitry IS and the host comimter 16. The payment terminal may be a customer activated terminal 
(CAT) and the pump controller cbcuitry responds to instructions from the host compute 16 and 
the paymoit terminal for dispensing fuel from the dispensa^ 14. The p^Qonent tmninal and pump 
controller circuitfy are conventional and therefore not described in further d^ail. 

Fig. 7 further illustrates the site wiring for the system 10 sho\idng the communication line 

15 72 and sync line 74 connections among the muhiple readers 20. Hie tinung signals for coordinating 
the transmission of power pulses from readers 20 (labeled with numbers 1, 2, 3 and N) are carried 
by the sync line 74. The coordination of the transmission of the power pulses from the various 
readers 20 is discussed further bdow. Any number of the readers 20 is contemplated. While not 
shown, it is understood that each reader 20 mdudes a radio frequency module and a control module. 

20 The radio frequency module generates the power pulses and receives the data broadcast from the 
tranqionders 23, 25. The control module has a microprocessor that decodes and processes the 
transpond^ data and communicates with the host computer 16. 

Preferably the readers 20 are mterconnected on an RS-485 loop to provide synchronization 
of the transmit/receive cycle. This link ensures that all dispenser 14 locations are activating like 

25 antenna poations to minimize interf^-ence from each other, as described bdow. While not shown, 
RS232-48S converters interconnect the host computer 16 with the readers 20. 
n. SYNCHRONIZATION OF THE READERS 

Hgs. 8-10 tUustrate d^ails concerning synchronization of the readers 20 within the system 
10 to avdd crosstalk among the tranqionders 23 that could result in erroneously bilUng a customer 

30 for services nevor received. 

In Fig. 8, a amplified schematic of the system 10 is shown in which the dispensers 14 are 
bbded as pumps 1-4 and have correspondng readers 20-1 to 20-4, each with antennas A and B on 
opposite ades of the pump. To illustrate the crosstalk problem, the readm m pumps 1 and 3 are 
unsynchronized thus demonstrating the potential for crosstalk caused by a transpondo- X bdng 

35 chaiged by one of the readers when the transponder X is located between the pumps. In contrast, 
the readers in pumps 2 and 4 are syndironized thus solving the crosstalk problem for a transponder 
Y located between the pumps. 
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Pumps 1 and 3 send out power pulses from antennas B and A, respectively, thereby causing 
the potential for one or both of them to charge the transponder X, even though the transponder X 
isdosertopump 1. Each ofthe antennas Band A emitting power pulses genmtes an eneigy field 
extendiqg ftcmi the antenna, as represented by lines in the figure. The energy field in fi^ont of each 
antenna indudes a "near fidd^ region, a "fiu- fidd" r^on» and a "transition zone'* therebetween (not 
shown). There are no sharp (fividing lines between the three regions and somewhat arbitrary limits 
are set for each region based upon the way in which energy ^eads as the distance firom the antenna 
increases. In one example, the near fidd region generally extends out from the antoina to a distance 
of X[y/A A = A/2 X v/hert D = the diam^er of the antenna, A = area of antenna aperture, and X = 
wavderigth. The distance of the far fidd region is about five times the l^igth of the near field r^on 
and occurs at a distance of roughly 2D/22. The transition zone is the region thereb^ween. As 
shown in Fig. 8, the possibility exists tor overlap of the transition zones or far field regions of the 
antennas B and A for pumps 1 and 3 when the antennas emit power pulses simultaneously. 

In looking at the power pulses emitted from pumps I and 3, it is most likdy that the 
Transponder X will be diarged by antenna B in pomp 1, because the transponder is rdatively far 
firom pump 3; however, it may end up beiiig charged by the overly) of power pulses from both 
pumps 1 and 3 even in a atuationv^ere the transponder is too far from dther pump to be cte 
by antenna B or antenna A done. This can occur when the eneigy in the overiappirig transition zone 
or fio- fidd regions of the antennas, by virtue of thdr combined strength, is su£Bciently high. Once 
the powo* pulses are completed, if the transponder X recdves suffident energy it will transmit its 
data in response. Even though pump 1 is dosest to the Transponder X, it is possible that pump 3 
will also recdve the response, thereby resulting in CTOSStalk. An evm worst situation could arise 
if two transponders v/ete in the c^er lane between pump 1 and pump 2 and the pumps 1 and 3 
recdve the responses fiY>m the wrong transponders resulting in a customer being charged for 
services provided for another customer. 

Pumps 2 and 4 send out power pulses from thdr anteimas A and A, req>ectivdy. 
Transponder Y is too fiu* away to be charged by tiie energy fidd generated by pump 4 done; and 
it win not be diarged by pump 2, since the power pulse firom pump 2 is not in a direction facing the 
tranqionder. Tranqionder Y will only be charged when it recdves a power pulse from antenna B 
on pump 2 (\irfudi will then be the only antenna recdving a response). Such a synchronized system 
Iffovkles better separation and hi^ier confidence that the proper reqxmse is coming from the correct 
tran^ndo'23. 
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5 Thus syndironization of the systmi 10 is accomplished vAien the readers 20 selectively send 

out power pulses so that all the antennas fadng the same general direction {e.g, all antennas feeing 
north, or facing south, or facing east, or feeing west) send out a pulse at the same time, and all 
antennas facing difiFerent-directions do not send out pulses at that tune. This synchronization is 
accomplished by the readers 20 transmitting pulses Grom antennas facing one direction (e.g., 

10 antennas A) during the sync time (see Fig. 2) of the transmit/receive cycle of antennas feeing a 
different direction (e.g., antennas B). 

Other synduTHiization arrangements are possible depending upon the number of pumps and 
their rdationsUp to one another. In one embodiment, the synchronization does not necessarily need 
to occur for all antennas but instead will occur only in the case of antennas for disposing areas that 

15 fece each other where the eneigy fidds in front of the antennas might possibly overlq>. 

Referring also to Fig. I, a ^ndironizadon strategy that prevents energy fields fit)m the 
diffisrent antennas from overiappinig remits when each reader 20 pulses antennas 22 A at the same 
time, followed by antennas 24A at the same ttm^ followed by antennas 22B and the same time, 
followed by antennas 24B at the same time. The foregoing successive sets of antennas are pulsed 

20 during the sync time (or thereafler) foilomng the data transmit <7cle of tran^onders charged by the 
previous antenna s^. In the strategy just described, antennas for car mounted transponders 23 and 
hand-held transponders 25 alternate in their pulsing, and pulang only occurs on one side of each 
island 12 at a tune so that a vehide located between the islands is not subject to recdving pulses 
from opposite directions caused by overtyping energy fidds. In this case, each ^A** antenna 

25 (antenna 22A or 24 A) (fiuing west as viewed in the drawing) send s out a pulse during the sync time 
of the transmit/receive cyde of the previoudy pulsed *V"antenna (antenna 22B or 24B) (fedng east 
as viewed in the drawii^ and vice-versa. TMs represents an antenna pulse sequence of: 22A, 24A, 
22B,24B. Ahematwe sequences indude: 22A, 22B, 24A, 24B. Any other conibination thereof is 
^)propriate so long as ''A*' antennas and '"B** antennas do not diarge in the same cyde. 

30 Referrirv to Figs. 9A-9C and also to Figs. 6A, 6B and 7 discussed previously, operarion of 

the readers 20 will how be described in forther detail with respect to an hnplementation of one or 
more of the synchronization strat^es mentioned above. 

As indicated previously in Fig. 6B, eadi reader 20 indudes a microprocessor (not shown) 
and programming instructions (i.e., software, not shown) for cauang the power pulses to be 

35 generated by the antennas 22A, 24A, 22B, 24B through the MUX 62 channds that connect each 
antenna to the reader. For example, the Texas Instruments THUS™ Series 2000 reader is available 
with standard software known as the S2000 software. The S2000 software indudes programming 
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5 instructions for controlling the emisaon of power pulses, for recdving and processing data from the 
transpcmders 23. 25, and for communicating with the host computer. This software may be eainly 
adapted for the presence of the four antennas 22A, 22B, 24A, 24B. 

To be propefiy ^ndnonizBd, aD of the readers 20 in the system (Fig. 7) must cyde through 
the NfUX 62 channels in synchronization. Syndironized operation requires that all of the readers 

10 20 generate a charge pulse on channel I atthesametime, on channel 2 at the same time, on charmd 
3 at the same time and on channel 4 at the same time. It is understood that the specific 
synchronization strata may be determined based upon which antenna 22A, 22B, 24A, 24B is 
connected to which channd 1-4. The sync line 74 connected to each of the readers 20 instructs the 
MUX 62 in each reader (through the sync line 66) when to generate a charge pulse and on what 

15 chaxmel to generate it for purposes of synchronization. 

Figs. 7 and 9A iUustrate how each reader 20 is instructed on the sync line 74 to generate 
properly synchronized charge/read cycles. One of the readers 20 is designated as the ''master'' 
reader and the remainder are deagnated as ''slaves.*' The master reader 20 generates a 
synchronization pulse (represented by ^c timing line 900) on the sync line 74 which inversely 

20 follows its chaige/read cyde (represented by the master timing line 902, wherein a "high" signal is 
for charge and a "low^ signal is for read). The slave readers 20 use the sync pulse to set up their 
duoge^read timing (rqvesented by slave timing line 903). Assuming the diarge pulse is foced at SO 
ms arid the transponder read is about 20-25 rns, there ^uld be no reason for variance, However, 
as illustrated the slave timing line 904 may result in a variance from the sync pulse because of 

25 message processing occurring in the slave reader 20. This has the unfortunate effect of changing 
the slave reader 20 processor's timing by lengthening the time it remains low. Hence 
syndvonization can be adversely affected depending upon the loading of the individual reader 20, 
causing a reader to "drop out"* of a diarge/read c^de if it is unable to finish its processing in time 
to catch the ^c signal. 

30 Fig. 9B ilhistratestheefifect of a slave reader 20 temporarily dropping out of synchronization 

with the master mdtr 20 (master line 902) due to a message processing delay in the slave reader. 
Once the message procesang in the slave reader 20 is complete, the slave synchronizes once again 
with the sync signal (^c Hne 900), however the slave reader remains out of antenna 
synduomzationbecausethemasterreader 20 is charging an antenna on a different channd (e.g., the 

35 master reader is duu^ng antenna channel 0 while the slave is charging antenna channd 4). Thus 
the MUX 62 channds bdng charged on all the readers 20 are no longer the same channds at the 
same time. 
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5 9C illustrates a solution that corrects the ^chronization of a slave reader 20 when it 

drops out of sync during message processing. The solution is to use the synchronization line 74 to 
communicate downstream to the slave readers 20 which channel (i.e., which antenna) to use on the 
next diaige cycle. Akemativdy, the comm line 72 can be used by the host computer 16 to instruct 
the readers 20 whidi cfaannd to use. A disadvantage ofthe latter approach, however, is that in some 

10 implementations the host computer 16 processing time is required for more important taslcs. 

As shown in Fig. 9C, use of the sync line 74 to communicate the channel number to each of 
the slave readers 20 is done by racoding the channel number on the sync line. In this manner, the 
processors in aU the readers know which antenna to charge even if they miss a charge cyde. As 
shown by the sync timing line 900, a variable length pulse 908 indicates to the slave readers 20 

15 vAich channel to use for the read cyde. The sync line signal inchides a 200 microsecond start bit 
906 and after that a pulse 908 ofvaiyii« width is transniitted. The length of the pulse 908 mdicates 
which channel of the MUX 62 is to be used. A pulse of about I-lOO microseconds indicates diannd 
1, 101-200 microseconds indicates channel 2, and so on. 

Intemqjts in the readm 20 are enabled until the start bit 906 is detected . At that point the 

20 serial mtemipts are disabled and remain disabled until the measurement of the variable length mux- 
sync pulse 908 is completed, whereupon interrupts are agam enabled. The interrupts are disabled 
for a maximum of about 600 microseconds. The reader 20 will not lose any incoming serial data 
because a character cannot be completely received in 600 miooseconds. Any character that is 
completely recdved when intmipts are disabled are moved to an internal roister and the next 

25 character is partially recdved in the shift register. 

It will be appreciated that relianoe on the hardware to buffer characters allows the reader to 
avoid an overrun of a universal asynchronous receiver trananitter (UART), which as explained in 
more detafl below is implemented in the reader software according to the present invention. 

The aforementioned synchronization of the readers follows the basic concept that all the 

30 slave readers wait until the sync line is pulled low. The shve reader, however, must be able to 
distinguish between a low that precedes the MUX pulse 908 and a low that indicates that a charge 
(^de 910 (power pulse) is occurririg. This is accomplished by timing the low and knowing that if 
it exceeds 200 fds the reader is in the middle of a charge pulse. In the case where the sync line 900 
is tugh, there is no confiision since the slave reader will continue to wait for a high to low transition. 

35 In the case where the sync line is low, as at the start bit 906, it can be determined whether 

the low is preceding a MUX pulse 908 or is a charge cycle 910 by measuring the amount of time 
the sync line remains low. If the sync line remains low for more than 200 (± 1 0%), then it is not 
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actually preceding a MUX pulse, but actually a charge cycle 910, in which case the interrupts are 
re-enabled and the hunt for the start bit resumes. 

It win be also appreciated that procesang routines are written such that message procesnng 
does not occur in a manner to inordinately slow down the master reader 20. Slov^ng down the 
master reader 20 is to be avoided since this will dow down the oitire system of readers 20. 

Pseudo-code written for storage and processing in the master and slave readers 20 that 
implements the ^chronization of MUX 62 channels using the sync line 62 may be expressed as 
follows: 

Sync Pseydo-Codc (Slave Reader) 
Stan: 

Stan timer 

while sync line is high 
wait 

if timer goes ofiE; go to Start 
//testtoseeifthisisthe200/islow. Ifnot, wewerenotsynoedt 
start tinner 

while sync line is low 
wait 

if timer had gone off then go to Start 
//okay, we are synced. Time the pulse to deteraiine the mux channel 
disable intemqits 
start timer 

while sync line is high 

wait 
enable uuernipts 
if timer is zero go 10 Start 
if timer is greater than 3 10 ms 

select antenna>3 
else if timer is greater than 210 ms 

select antenna-2 
else if timer is greater than 110 ms 

select antenna 1 
dse if timer is greater than 10 ms 

select antenna 0 



Sync Pwndo<ode (Master Reader) 

Stan: 

//make sure the incline is high for some period that slave will notice. ... 
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foice ^nc line high 
set tuner for 15 ms 
while timer has not expired 
wait 

// go low for 200 so that the stave will know that 

// this is the start of the mtix-^nc timing 

force sync line low 

disable intemqits 

loop for ai^rox. 200 ^ts 

// create the variable width pulse 

foioe incline high 

if antenna.number = 0 

loop for 75 MS 
dse if antenna_nnnd)er 1 

loopforl75MS 
else if antenna.nunter = 2 

loop for 275><s 
elseif antenna_nuinber'=^ 3 

loop for 375 ^s 
enable interrupts 
force ^nc line low 

(all readers should now start their powei/charge ^e) 

End Sync Psendo-code 

// this code should be called after we have lead the tranqxmder 

// and le^enabled the serial intemipts 

EndMuxSync: 

force sync line high 

Reference is made to A ppendix A for a slave reader 20 line protocol that may be used in one 
embodimmt of the system 10 for impl^enting the above desoibed ^dironization functtons. 
m. HOST roMPir mi roMMUNic ati qns 

Referring to Fig. 7, conumuiications on the comm line 72 between the readers 20 and the 
host computer 16 in the present embocUment are limited because the readers are unable to 
comnnmicate rdiably to the host computer during the read cycle, i.e., when the reader is receiving 
information from the transponders 23, 25. This problem is due, in part, to the lack of hardware 
resources available in the commerdally available readers 20 O.e., the TIRIS™ Series 2000 reader 
available from Texas Instruments Incorporated under the THUS™ product line). 
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For example^ the TIRIS™ Series 2000 reader 20 lacks a univmal a^chronous recdver- 
transmitter (UART) to transimt/recdve transponder data. With the current TIRIS''^ Series 2000 
reader software, there can be either 100% conununicatiohs with the host computer (with occasional 
garbled transponder reads) or 100% tranqx>nder reads (with dropouts in host computer 
communications), but not both 100% communications with the host computer and 100% 
transponder reads. Accordingly, the present embodiment implements a UART in the reader 
software (not shown) which is stored and executed within the reader 20. The software causes 
communications between the host computer 16 and the readers 20 on]y when a reader 20 is 
implementing a charge cycle. See Kg. 2 which illustrates the charge cycle (""POWER PULSE") 
lasting approximately SO ms and the read cycle ("DATAXMTP) lasting approximately 20 ms. 
During the charge cycle, the processor (not shown) in the reader is available for communications 
on the comm line 72 while it is waiting for a SO ms timer (not shown) to trance. Subsequently, 
once tfie reader 20 has fiiushed charging the transponder 23, 2S, it will attempt to read inft>rniation 
from the transponder. To do this, serial interrupts must be disabled for at least 20-2S ms.. Thetimer 
is implemented in hardware and, therefore, is not afifected by the serial intemipts. However, this 
would not be a good time for host computer 16 conununications to occur because either the 
transponder read ot die communications with the host conqiuter will be garbled by the interrupt for 
host computer conmninications. 

According to die present invention, the software within the reader 20 implonoits the UART 
fimction by using the sync line 74 to ensure that the host computer 1 6 does not communicate with 
the reader 20 when the reader is reading transponder data (and the interrupts are disabled). In 
particular, the UART. fimction is implemented by only allowing the host computer 16 to 
communicate with the reader 20 on the comm line 72 when the sync line 74 is low, and adjusts the 
logic of the sync line sudi that a low sync line is a reliable indicator of ^en charging is occurring. 
When the sync line 74 transitions from high to low (see Fig. 9A where the sync timing line 900 
moves from a Ugh position 1 to a low poshion 2), the charge cycle for the reader commences. The 
sync Hiie stays low during charging and the software according to the present invention then 
instructs the sync Une to tranrition fiom low to lugh at the end of the charge cycle (see Fig. 9 A 
where the sync tinm^ line 900 nK>vesfiom a low poshion 3 to a high ^ Thus the sync line 

is low only when the charge Gyde is occuning. By following the rule that the host compute* 16can 
only conununicate on the comm line 72 with the readers 20 when the sync line 74 is low, it is 
ensured that there will never be a case when information is sent during the read cycle when 
mtemipts are disabled. 
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In the host computer 16, the dear-to-send (CTS) line (not shown) on RS-232 ports regulates 
flow of data to and fiom the readen 20 according to when the line is high or low. The sync line 74 
is thus connected to the CTS line through an RS-485 to RS-232 converter for preventing the host 
computer 1 6 from sending data when the reader 20 is unable to process it. 

A ppendix B describes a communications protocol between the software within the readers 
20 and the host computer 16 for an embodiment in ^ch the host computer is a Wayne Plus system, 
e.g., a Wayne Plus/2 or Wayne Plus/3 host computer available from Wayne Division, Dresser 
Industries, Inc. of Austin, Tern, and the reader software is a modified version of TIRIS^ S2000 
reader software available fit>m Texas Instruments Incorporated. 

Figs. lOA and lOB are timing diagrams 1002, 1004 ilhistrating the timing of commuiucations 
between the host computer 1 6 and the readers 20 for typical communications to and from a reader 
running the reader software according to the present invention. The Fig. lOA diagram 1002 
repres e n t s the timing for a reader with no transponders 23 or 25 within range of any of its antennas 
22A, 22B, 24A, 24B. The Fig. lOB diagram 1004 represents the timing ft>r a read^ 20 with 
tranq^(Niders23or2Sat8llfi>urofitsantennas22A,22B,24A,24B. Figs. lOA and 1 OB thus show 
the lightest possible load and the heaviest possible load, respectively, on a reader 20 of the system 
10. 

In both diagrams 1002, 1004, a RCV signal 1006 shows timing of the data received by the 
reader 20 from host computer 16. AXMT^gnal 1008 shows timing ofthe data sent by the reader 
to the host computer 16. ASYNC signal 1010 shows timing ofthe sync line 74 data that keeps all 
of the readers 20 and host ccmiputer 16 synchrorazed. It is also tied to the host computer to indicate 
vAkm it is safe to send data to any of the readers. A REF signal 1012 ^ows the timing of a signal 
generated by the software ofthe reader 20 for dd)ug and diagnostic purposes. Rrference points A 
through I illustrate events in the tinnng of the signals for purposes of nplanadon of the diagrams 
set forth below. AOtinnqg(fiagrams^Fig. lOAandFig. lOB, were generated by a Tdctronics Prism 
Logic Analyzer. 

In ng. lOA, the diagram 1002 QUustrating the case of a reader 20 with no transponders 23, 
25 in range) is goierated by u^ng the ''Get Variable Length Antenna Scan Buffer^ connnand 
(described bdow in Appendbc C). 

AD - Mux/SvnoCharge Transponder. 

Reference is made to the SYNC signal 1010 between points A and D. Prior to sming the 
sync fine 74 low, the master reader (Fig. 7) outputs the mux-sync pulse 908 (Fig. 9C) that tells the 
slave readers 20 Q.e., their processors) which antenna to use when charging. When this pulse 
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5 coRvletes, the line 74 goes low and all readers 20 output a charge pulse on the correct antenna until 
the master reader 20 raises the line 74 high. 

The processor of each slave reader 20 searches the sync line 74 for the mux-sync pulse that 
informs aO the slave reader 20 processors which multiplexer channd (i.e., antenna) to use for the 
next diaige-read ^de. 

10 The processor of each slave reader 20 searches for a change in the sync line 74 (from Mgh 

to low). It then measures that pulse (the start pulse) which should be in the range of about 200 /zs 
(that is why it does not appear in the diagram 1002). Immediately after that, interrupts are disabled 
so that the reader 20 can determine the length of the following low (75 fis - 375 /zs). This 
detennines which antenna should be used (a 0-99 fis pulse indicates antenna 1» a 100-199 fis pulse 

15 indicates antenna 2, etc. as explained with reference to Fig. 9C). 

Once the correct antenna is detmnined, it is switched and a TIRIS™ reader software 
fonction is called that begins duuging the transponder 23 or 25. Basically this consists of setting 
an external flag to let the analog section of the reader 20 begin transnussion. Tins fonction loops 
until a timer completes. 

20 BC - Host Tran8inisaon> 

Rderence is made to the RCV signal 1006 between points B and C. This illustrates the dual 
nature of the sync line 74. Since the processor of the reader 20 is in essence doing nothing during 
the time of AD the sync line 74 indicates to the host compute 16 that it is may send data to the 
reader 20, as indicated by d^ receive signal at BC. At this point the Reado- is executing code in the 
25 TIRIS™ reader software function •\vrite_sequence( )** and is unable to process any messages 
received from the host computer until point £. 
D - Start Transponder Read. 

Reference is made to the SYNC signal 1010 at point D. Both the master and slave readers 
20 exit from the function 'Svrite_sequence( )** after S0-S2 milliseconds. At point D the master 

30 reader 20 raises the sync Bne 74 to prevent the host computer 20 from sendiiig any more data. 
There mi^ be a case where a character has been loaded into the host computer 16 UART shift 
register and it is too late to stop transmission. To avoid losing this character, the master reader 20 
raises the Sync line 74 prematurdy for 5 nulliseoonds. This gives the reader 20 ample time to 
capture the diaracters sent by the host computer 20. After the five milliseconds are up, serial 

35 intenupts are disabled and another TDUS™ read^ software fonction is called to read the 
transponder 23, 25 (which results in an implementation of the software UART fonction, as 
pre^ously descrit)ed). 
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Reference is made to the REF ^gnal 1012 between points D and E. A transponder 23, 25 
read by the reader 20 occurs in approximately 20-23 ms (note that DE includes the S millisecond 
delay mentioned above). During this time all interrupts are disabled and there can be no 
communication from or to the host computer 20. 

E - Begin Message Processing 

Reference is made to the REF signal 1012 at pohit E. This is where the reader 20 actually 
gets a chance to process the message it received at BC from the host computer 16. In this example 
it took 77.608650 ms from when the host computer 16 started sending the message to when the 
reader 20 finally manages to be^ proces^ng the ntessage. 

FF - Mftwaye Processing 

Reference is made to the REF agnal 1012 between points E and F. During message 
procesnng the reader 20 determines what it is that the host computer 20 requested, acts on this 
request, and builds the buffim required for a reqxmse. This processbg varies depending on the type 
of message as wdl as the size of the message. 

F - Start of Respnnfse 

Reference is nuuie to the XNff signal 1008 at point F where the reader 20 b^ins 
transmission of data to the host compute* 16. 
FG - Complete Processing. 

Reference is made to the REF ^gnal 1012 between points F and G. This is the time that it 
takes to do all the necessary work to store a packet in the smal output buffer. 
FH - Reader Transmits Response. 

Reference is made to the XMT signal 1008 between points F and H. The data, having been 
toaded in an output queue, is sent by serial intem^>ts from the reader 20 to the host computer 16. 
Readers 20, unlike the host cmq>uter 1 6, are not bound by the "transmit only ^i^ien sync line is high** 
rule and can transmit at any time. This is desirable because the worst-case message (as described 
in diagram 1004 bdow) is q>proximatety 47.9 ms and the charge thne is approximately 51.S ms. 
This leaves approximately 3.6 ms, i;^ch is far too short a time for the host computer 16 to send 
another request Odeally one response and one request per cycle). The more bytes the reader 20 
transmits during a low ^c signal the fewer it must send vthea the sync line 74 goes high. This 
permits the host computer 16 to communicate more efficiently with the reader 20. 
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Point G is where the reader 20 has completed answering a message and is ready to search 
fi)r the next Mux-Sync pulse. Point His the end ofthe reader 20 response. Point I is the beginning 
of the next Mux-Sync pulse. 

In Fig. lOB, the diagram 1004 ^Oustrating the case of a reader 20 with transponders 23, 25 
in range and detected on all antemias) is gaierated by u^g the ''Get Variable Length Antenna Scan 
Buffer^ command (described bdow in A ppendix C) . 

The description of the diagram 1004 is substantially the same as described above for the 
diagram 1002, with the differences of the timing of events bdng noted by reference to Fig. lOB. 
At reference point E, the reader 20 gets to process the message it received at BC from the host 
computer 16. In this example the time fiom point B to point £ is 79. 10976S ms. At reference point 
H, the start of the next Mux-Sync pulse is indicated. The timinig shown requires the reader 20 to 
detect the start bit ofthe Mux-Sync data while sendmg data to the host computer 16. Thisrequires 
that the serial output routine be &ster than the Mux-Sync start bit and that the Mux-Sync pulse be 
short enough not to influence the overall timing. 

Point I is the md of the reado- 20 response. Since the reader 20 began transmission 
apprcmoBkiy 21 .3 ms prior to the sync line 74 going high (SYNC signal 1010), the host computer 
16 has anqple thne (20-25 ms) to smd another request. Since an average request is approximately 
8-12 ms (depending on the number of DLE characters inserted), there is plenty of time. 

Furtiter details concerning commuiucations between the host computer 16 and the readers 
20 is contained m documentation available from Texas Instruments Incorporated for its TIRIS™ 
product line, for example 'TIRIS: Series 2000 Reader System Rei^ence Manual,*" Texas 
Instruments, (#RI-ACC-D01 A), which is incorporated herrin by reference. 

AppendbcC is a description of obtain fimctions and enhancements made to the software of 
the readers 20 specific to implementation of the ^rstem 10 consistent with the present ^edfication. 
IV. SYSTEM OPERATION AND USER TNTERFArR 

1.0 Syaan Qvefview 

The following is an overview of the operation and customa* user inter&ce ofthe CED 
system. A more detailed description of the operation and customer user inter&ce is described 
fivtherbdbw with refierence to Figs. IIA-III, 12-16 and 17A-17Nand 17Q. It is undmtood that 
the operation of the system 10 is controlled by programming instructions executed by the host 
omiputer 16, and by the reader 20 software described previoudy. The system 10 is integrated with 
a suitable fiiel disposing system that, in one embodiment, may be the Wayne Plus/2 or Wayne 
nus/3 ^em available fiom the Wi^ DKidon, Dresser Industries, Inc. of Austui, Texas, although 
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5 other dtq)efi9iig systems and software are contemplated. The system 10 may be integrated into the 
Nucleus control system also available from the Wayne Division, Dresser Industries, Inc., for 
example. The foregoing commercially available intelligent dispenser systems, or other commercially 
available di^enser arrangements, in cooperation with the CJD system 10 of the present invention, 
int^rate pump control, cash register, card processing and customer identification into a complete 

10 and operative system for a service station environment. 

When a customer enters a service station and a transponder 23, 25 is detected at a iiiel 
dispenser 14, the corresponding authorization light 4SA or 45B, or other in-range indicator as 
discussed fivtber below, is turned on to inform the customer that the transponder is in read range. 
After the dispenser is activated, for example by lifting the dispenser nozzle or lever or by 

15 Gommendiig fiieling, the system 10 sends an authorization request containing the transponder CID 
data to the computer network. Mor to actual fodbig, however, the customer can press a cancel key 
on the custonMT-acthmted-terniinal (CAT) or select a different payment method in order to override 
the use of the transponder CID code for payment of the transaction. 

If a transponder is read for the first time at a dispenser where the dispenser nozzle has 

20 already been removed, the dispenser will not be authorized to use the CID code from the 
tran^nder for a sale. For example, if a first customer removes the nozzle at a pump and a second 
customet's transpondo- is subsequently read by the reader at that pump, the sale will not be charged 
to the second custom^s transponder CID account. 

1.1 Overview of Scenario for Window-Mounted Transponders 

25 When a customer with a vdude-mounted transponder 23 passes a foddispen 14,theCID 

data is read fi^m the transponder 23 by the long-range antenna 22A or 22B that is facing the 
vehicle. After the CID data is read, the authorization light 45 A or 4SB on the side closest the 
vdude and corresponding to the k>ng-raiige antenna turns on. If the customer proceeds to drive 
past the fiid dispenser without foding^ the light will remain on until the vehicle-mounted 

30 transpCMider 23 moves out ofthe read range for that pump. The light 4SA or 4SB preferably turns 
off after a programmable amount of Uank reads have been made after the transponder 23 leaves the 
pump's read range. Accordisigjiyy as the vdiicle passes cUspens^-s 14 without fiiding, the 
corresponding authorization limits on the dispensers will turn on vMe the vehide is within the read 
range and turn off when the car leaves the read range. 

35 If the customer dK>oses to use a vehicle-mounted transponder 23 to pay for a transaction, 

the customer can diedc to see that the authorization light 45 A or 45B has turned on when the car 
stops at the dispenser. When the customer lifts the dispenser nozzle (or begins fiieling), the 
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dispenser is "authorized" and a request for CD) account authorization is $mt through the host 
computer 16 to a network for billing purposes. The authorization light 45 A or 4SB preferably 
remains on throughout the transaction. After the customer replaces the nozzle, the sale is finalized 
with the host computer I6» and a recapt may be printed at the CAT. After the sale is completed, 
the authorization light 4SA or 45B turns off and remains off as long as the transponder is 
continuously read by the antenna. A blank or ^'ernpt/* transponder read (or predetermined number 
of blank reads) occurring after the sale is completed will reset the system to allow subsequent 
transponder reads to turn on the authorization light. Alternatively, the authorization light 45A or 
4SB remains on after the transaction is over until the customer's vehicles leaves the read range. 

Once a sale or transaction is completed at a dispenser using a vehicle-mounted transponder 
23, the vehtcle^mounted transponder 23 preferably cannot be used at another dispense for a 
predetermined interval of time. It is understood, however, that a vdiicle-mounted transponder 23 
may be used at the same time at more than one diq>enser provided a sale has not been completed 
at one dispenser bdbre the transponder 23 is used at another dispenser. Furthermore, it is 
understood that the system can be progranmied so that although a vehicle-mounted transponder 23 
has recently been used to complete a sale at a diq)enser, the vehicle-mounted transponder could still 
be used fi>r a diflferent service; for example at a car wadi or drive-up window of a convenience store. 
1 2 Overview of Scenario for Hand-Held Transponders 

If a customer has a hand-hdd transponder 25, such as a key ring or credit card style 
transponder, it must be presented to the short range antmna 24A, 24B by waving the transponder 
in front of the short-range antenna located at the authorization light (see Figs. 4A and S A). The 
short-range antenna 24A, 24B reads the CID data from the transponder and the corresponding 
authorization light is turned on. 

A request for CID account authorization is sent to the networic through the host computer 
16 when the customer lifts the nozzle (or begins Aiding). When the customer replaces the nozzle, 
the authorization light turns ofi^ the sale is finalized, and a tecdpt may be printed at the CAT. 
Preferably, the hand-held transponders 25 can work at more than one customer-activated terminal 
(CAT) (whether at a dispenser, car wash, or convenience store area). In other words, the hand-hdd 
transponders 25 can work at a particular CAT even if it is currently bdng used as the payment 
method for a transaction at another CAT. 

I 3 Qygrview of Authorization Light Qperatinn 

When a customer identification (CID) is read at a disp^iser 14 where a fueling transaction 
is not akeady in progress, the authorization light 45 A, 45B turns on. 
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When CID data fiom a passing vehicle-mounted transponder 23 is read at the dispenser 14, 
the authorization light 45 A, 4SB at that dispenser turns on and renuuns on until the transponder is 
out of read range. As the vehide passes the first dispenser and proceeds to the read range of a 
second dispense, the CID data is read at the second dispenser and the authorization light of the 
second disposer is turned on. 

For vdiicle-mounted transponder 23 transactions, the authorization light 45 A, 45B turns off 
when the nozzle is replaced at the end of the sale or, alternatively, remains lit until the vdiicle- 
mounted transpondo* is out of read range. If a hand-held transponder 25 is used, the authorization 
light turns o£f when the nozzle is replaced at the end of a sale. 

If a customer overrides a CID transaction and selects a diffmnt method of payment, the 
authorization light 45A, 4SB will turn off. 

After fiieliqg is complete and the nozzle is returned, the system 10 can be progranmied to 
prevent an authorization light from being turned on at any other dispenser (or alternatively, 
anywhere) in the service station for a predetermined interval of time by the CID transponder 23, 25 
that had been used for the recently completed fueling transaction. Thus, the vehicle can leave the 
station without turning on any more authorization lights. 
1.4. Customer OvCTridc 

A customer can override the use of the transponder 23, 25 for a transaction by pressing the 
cancel key at the customer activated terminal (CAT) provided the dispenser 14 has not been 
activated (e.^., the nozzle has not been lifted) or fueling has not begun. A prompt such as "'Cancel 
use of CID Syston? (Y/N)'* is displayed at the CAT of the dispenser 14 once the cancel key is 
pressed. The customer can verify the override of the CID transaction by pressing the ''Yes" k^ 
attheCAT. ffthe '^o'*ki^ is sdected at this time; the sale wOt continue as a CID transaction, /.e., 
a transaction where the customer's CID code is used for bilUng. A customer can also override a 
CID transaction before foeti^g by inserting a bill or credit card or by sdecting another payment type 
such as cash. When the customer overrides a CID transaction, the light 4SA, 45B is turned off. 

Once a transacUon or sale using a CID code is in the foeling stage, a ctiSerent paymait 
method cannot be selected at that dispenser 14, nor can the CID transaction be canceled. 
1.5 Authorization is Denied or Tmics Out 

If an authorization is denied, /.e., a CID code has been sent to the n^woric and the networic 
returns a ^gnal indicating that the customer is denied authorization to use the systm 10, i.e., the 
CID code, for paymeaty the transaction is treated like a denied pre-authorization sale. The dispenser 
14 is stopped and the customer is informed to see the inside attendant for payment. If a vehicle- 
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mounted transponder 23 is used, the authorization light turns off and remains off until the nozzle 
is rqdaoed. Similariy, if an authorization response is not recdved from the network for a CID sale 
within a predetermined time 60 seconds), the sale will be treated like a denied pre- 
authorization sale. 

1.6 Network Communications Problisms 

If the computer network is down when a customer lifts a nozzle at a dispenser 1 4 that has 
an authcMization light on, the dispenser wiD not start. Imtead, the CAT display notifies the customer 
that the network is down and asks the customer to cancel the CID transaction before selecting 
another pay m^hod. When the customer completes the fueling, but the sale cannot be paid through 
the CID system due to network problems, the CID "sale" is conadered an unpaid CAT sale and may 
be logged and saved for reporting purposes. 

2.0 Customer Identification fCID^ Oneration and Usisr Inter fiice Flowchartg 

Figs. IIA 111 and Fig. 12 are flowcharts describing the processes that occur when a 
customer uses the system 10 in a vdude nxiunted tranqionder 23 scenario and m a hand-held 
transponder 25 scoiario, reflectively. 

Figs. 13-16 are flow diagrams illustrating the relationships between tasks and subsystrais 
involved in handling customer transactions. 

Figs. 17A*17N and 17Q are flow charts describmg the processes performed by the CID 
primitive, i.e., the software routine written to numage p^rmance of the customer identification 
fimctions. 

2.1. Scenario for Vehicle^Mounted Transponder 
Figs. 1 1 A and 1 IB depicts a flow chart 1 100 illustrating operation of the system 10 in a 
scenario that involves a vdiide mounted tran^nder 23: Instq) 1104 a vehicle {^>proadies a pump, 
i.e., a diq^ensing area, within the service station environment. In step 1 1 06 a determination is made 
^K4ietherthetran^onder23isinrangeofthepump. As previously discussed with ref^mce to Figs. 
1 and 8, this determinatbn invohfes a rwier 20 receiving data fiom a vehide-mounted transponder 
23 after the tranqKmderb first diarg^ fay die antenna 22A or 22B. If the approadiing vehicle does 
not have a vehide-mounted transponder 23, i.e., there is no vehicle-mounted transponder 23 in 
range, then the ^stem 10 proceeds with traditional customer processing, step 1110, where payment 
is not made usii% the QD code, ^^tradhional customer processing, the customer makes payment 
uang a traditional nwthod, sudi as msertiqg a credit/dd>it card into the customer-activated terminal 
(CAT) or paying die station attendant direcdy. Wph traditional customer proces»ng, the CAT may 
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cfisplay paymoit instructions, such as ^'insert crecfit/debit card or pay attendanr, followed by fiiding 
instractions, such as "lift nozzle**. 

If a vehicle-mounted transponder 23 is in range, then in step 1 108, the CID system 10 
determines whether or not the detected CID has been used recently (for, example, in the last five 
to ten (S-10) minutes) to compile a sale at another dispenser at the service station. If yes, then the 
system 10 defaults to traditional customer processing, as indicated in step 1 110, and the 
cone^nding authorization light wiU not be activated (see step 1112, below). The customs will 
be required to select another form of payment, and the transaction will be processed without using 
theCIDcode. This hdps avoid fraud and prevents the uneasy feding a customer nu^^ 
love driving awi^ from a pump after completing a sale only to see each succesrive pump he or she 
drives by ''Hght up** as if being activated. Hie customer is given ample time after fiieliiig to leave 
the service area without acthmtii^ authorization lights at any of the other pumps. As an option, the 
foregcring definilt to traditional customs* processing can be eliminated when it is not objectionable 
to see other pumps 'light up" aftor completing a sale on a different pump. 

In step 1 108 if the transpond^ 23 was not recently used to complete a sale, then in step 
1112a '^customer in range" indication is provided at the pump. In one embodiment, when the 
transponder 23 is m range of the pump dispensing area, the authorization light 45 A, 4SB turns on 
to provide the indication. The light 4SA, 4SB may be at any suitable location on or near the 
dispenser 14. While in one embodiment the in-range indicator is the light 4SA, 4SB, it will be 
appreciated that the indication can alternatively be provided by an audible sound (e.g., music, tone 
or voice), a mechanical movement, a video or multimedia presentation, or any combination thereof 
or other activity that can be sensed by the customer. 

After the in-range incficator light 4SA, 4SB comes on, the system next determines \i^etber 
the vdiide-mounted transponder 23 may have moved out of read range as would happen if the 
veMde was merdy passing a fuddispoiser. Instep 1113, the system checks to see if the vehide- 
mounted traiuq[)onder 23 is stiD in read range. If yes, then in step 1114 (discussed in more detail 
further bdow), the system tests to see if the transponder 23 has been in range a sufiidott 
predetermined length of time. I( however, the vehicle-mounted transponder 23 is no longer in 
range; thoi in step 1115 the system tests to see ifapredetennined number (N) of blank reads, i.e., 
reads where no tranq)onders are detected, has occurred. If yes, this is an indication that the vehicle 
may have driven on, and the in-range indicator is accordingly turned off in step 1116. The system 
10 returns to a de&uh condition in step 1 1 10. It is understood that if the customer then approaches, 
and the transponder comes within range o^ another pump, then the light 45A, 45B for that pump 
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5 will turn on. It is sdD further understood that the inrrange indication provided in step 1 1 12 does not 
mean that the customer's identification (i.e., account number) has yet been associated with the pimip 
for purposes of completing a sale. This avdds the potential for firaud or accidental customer charges 
v^Aien a trBnq[>ondernierdy enters the range of the pump. Ifin step 1115 the predetermined number 
of blank reads does not occur, this is an indication that the vehicle may still be within range of the 

10 pump, and the system returns to step 1 1 13 again to diedc for transponder reads. 

As mentioned above, in step 1114 a determination is made whether the transponder 23 is in 
range of the pump for a sufficient length of time. If not, the system determines in step 1 1 1 5 if a 
predetermined number of blank reads has occurred. Should the transponder remain out of range, 
the in-range indicator will be turned off in step 11 16, and the system will de&ult to traditional 

15 customer processing in step 1 1 10. If the vdiide-mounted transponder 23 is in range for a sufficient 
time (e.^., about 4 seconds^ for example) then in step II 18 the pump's customer activated terminal 
allows the sale to proceed by displaying to the customer an indication that the pump handle may be 
removed for immediate fuding, or alternatively that another form of payment {e.g., "insm card"), 
or cancellation ofthe pending sale (^^^.."cancd'Otnay be no^ The purpose of the step llMthne 

20 dday before the sale can proceed is to give the customer sufficient time to get out of the vehicle to 
operate the pump, therdiy avoiding fraudulent or accidental activation of the pump by someone 
other than the customer. 

Instep 1122 a determination is niade whether a time liniit has been exceeded. Iftoomuch 
time has passed since the vdiicle came in range without die customo* proceeding with the sale, Le., 

25 without the customer fifUng the nozzle or commencing foding, then the in-range indicator goes ofip 
(stq> 1 1 16) and the system de&uhs to traditional customer procesang (step 1 1 10). The step 1 122 
time limit may be several seconds to a minute or two, for example. The purpose of the step 1 122 
time limit is to avoid fraudulent or acddental use of the customer's identification should the 
customer leave the vehide (e.g., to go in to the service facility) or otherwise be inattentive to 

30 performing an sale completion. As an option, the time limit step 1122 may be omitted. 

Ifin step 1122 the time limit is not exceeded, then in step 1124 a determination is made 
whether the customer has activated the pump. In step 1 124 the customs* may activate the pump 
by lifting the pomp nozade fiom the dispenser 14, or by a combination of lifting the pump nozzle and 
commencing foding. In a dispenser 14 that is not equipped with a nozzle-lift detector, the pump 

35 may be acthrated by other techniques, such as, fay lifting a pump lever, sliding an dement, or perhaps 
pressing a grade sdect button to start the pump. For purposes of the present disdosure, any of 
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the forgoing techniques, or any combination thereof or any other techniques utilized to start the 
(aimp, are conadered a pump ''activation!'' 

It in step 1 124. it is determined that the pump 14 has not been activated, then the system 
tests in step 1 125 for an override of the use of the CJD code. An override may occur when the 
customer cancels the transaction or selects another form of payment, e.g., a credit card. If an 
override does not occur, the process returns to step 1 122 whereby the system again determines 
whether the time out period has been exceeded. If an ovmide does occur, the system proceeds with 
traditional customer processing, with the type of processing being dependent upon the type of 
override selected. The details of the test for an override when the pump has not yet been activated 
are discussed further below with reference to Fig. I IC. Alternatively, the test for an override can 
be made brfore the time out step 1 122; however, ance the signal processing is so quick, the time 
out in step 1 122 wiD not likdy to have been exceeded when the system firrt perfom^ 1122. 
Consequentty.aiv subsequent tests for a time out being exceeded in step 1 122 will be preceded by 
the test for an override (step 1 12S). 

^instq> 1124, it is determined that the pump Mhasbeenactivated, then, inst^ 1126,a 
determination is made vAteOia the transponder 23, previously determined to be within range of the 
pump, is still within range. In order to midgate the effect of any spurious signals that may be picked 
up by the antennas and to verify that the same CID code is being detected both before and after 
punip activation, the CID system 10 preferably compares a sampling of readings made before pump 
activation with a sampling of readings nuide after pump activation. The CID systmi verifies that 
the readings before and afler pump activation are the same or neariy the same. For &cample, the 
OD system may take five readings before activation and five readings a&er activation. If all, two 
or three of the five readings made prior to activation match all, two or three of the five readings 
made after activation, then the CID code is verified. More readings could be made if desired. For 
example, ten readings made prior to activation could be compared with ten readings made after 
activatioa An acceptable amparisonme^ be iffiveofthe readings made before die 
of the readings made after the lift. 

The purpose of the foregoing determination made in step 1 126 is to make sure that the 
customer* s vehide is the one bdng fueled. This avoids the potential for a pump to be activated 
fiaudulendy or by accident by someone standing near the pump when the vehicle drives by, during 
the brief instant vdien the transponder 23 is in range of the pump. It will be appreciated that in some 
embodiments st^ 1 126 is optional when stq) 1 1 14 has aheady been used to determine whether the 
transponder is m range for a sufficient length of time. It is contemplated that both steps 1 126 and 
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1 1 14 may be performed, or that if one is perfomied the other might not be needed. Both steps in 
a sense are optional, depending upon the level of customer security desired for the system 10. 

Ifinstq) 1126 the same transponder 23 is not still in range, then in step 1116 the ih-range 
indicator goes ofif and in step 1 1 10 the pump defaults to traditional customer processing. If still in 
range, then in step 1 128 the transponder 23 data (e.g., the customer account information) is 
assodated with the pump so that a sale (e.g., fueling or other purchase) will be permitted. 
PumpAransponder 23 association in step 1 128 only occurs once the pump is activated in step 1 124. 

In step 1 130 authorization of the transponder data (e.g., customer account information) is 
performed. For example^ the host computer 16 in combination with a network is used to detennine 
whether the customer account number is valid for purchases. Alternatively, the host computer 16 
may instead review data stored in a local negative file of bad accounts and authorize the customer 
acooum so long as it does not match a bad account laimber. The authorization process of step 1130 
can be performed prior to, or as part o^ the step 1 128 of associating the transponder 23 with the 
pump. In some embodiments the association process is all that is needed, and no additional 
authorization process is required. The autiiorization might consist only of recogniang that the 
customer identification is a valid identification or of the correct numba* of charactm. • However, 
in most applications of the system 10, some form of database credit authorization will be desired. 

In other embodiments, the authorization step 1 130 can be performed as soon as the 
transponder 23 is within range of any pump or other reader (perhaps even at the entrance to the 
service statim environment). However, a sale wiO not be permitted (step 1 132) unless and until the 
pump is activated in step 1124. The authorization step 1128 may also include a "time-out" 
determination (not to be confused with the time out discussed with reference to step 1 122). A 
"time-out** occurs vfhen the CID code has been sent to the host computer 16 or network for 
authorization, hit no confirmation or denial has been recdved after a predetermined amount of time. 
Fig 1 IE, described in more detail further bdow, illustrates how a denial of authorization or a "time- 
ouT may be handled whm occurring before or after fiieling or before or after the nozzle has been 
lifted. 

In stq> 1 132 a sale is pmutted i^^iereupon, for example, the customer can dispmse &d and 
perhq>s order goods (e.g., food) or s^ces (e.g., a car wash) at the pump, all of which is diarged 
to the customer account identified by the transponder 23 data. 

Instep 1134, the sale is completed using the customer's CID data. Fig. 1 IC illustrates in 
more detail the steps takm to comply a CID transaction. With reference to Fig. I IC, while the 
customer is foding, the customer-activated^temunal indicates that the ''Pump is on*" (step 1 140), and 



wo 97/24689 PCT/US96/2a860 

-36- 

5 the ^stem 10 performs certain customer spedfic activities. For example, the systmi may offer (by 
displaying a message on the CAT) the customer a car wash if the customer has purchased fuel a 
certain number of times. Or, the system may remind the customer it is time for a car. wash where the 
customer desires a car wash at certam times. Other customer specific activities may include offering 
desired food or beverages to be charged against the customer's account. The customer specific 
10 information may come from a database that is up-dated regularly and which is in or accessible by 
the host computer 16. Or, the information may be included in the data broadcast from the 
customer's transponder 23, 25. If the transponder is a read/write (R/W) transponder, then the host 
computer can periodically update the information on the transponder based on the customer's 
preferences. 

15 Instep 1142 the system detenranes^wdiether the customer is a 

for pigment or whether a time-out has occurred. Step 1142may beinchidedifthe "authorization" 
step 1130 (Figs. IIB) is omitted bdbre the "permit sale** step 1132 (Fig. IIB). It can be 
appreciated that the "authorization*' stq) can be included either before or after the "permit sale" step 
1 132 (Fig. 1 IB) or both. If in step 1 144 (Fig. 1 IC) authorization is denied or a time-out occurs^ 

20 it is handled as illustrated m Fig. 1 IE. 

During fueling, the system again tests for an override in step 1 146. Fig. 1 IF, which is 
discussed further below, illustrates in more detail the test for an override during fueling. If an 
override has not occurred then in step 1 148, the system determines whether or not the nozzle has 
been replaced in its seat. If the nozzle has not been replaced in its seat, the system continues to 

25 determine Aether authorization has been denied or a time-out has occurred (if step 1142 is 
included) and whether an override has occurred. 

Once the liozale has been replaced indicating that fueling has been completed, the CID 
^stem determines in stq) 1 ISO whether die network is down, i.e. whether the host computer 16can 
access the netwcMk. Hg. lIGilhistrates in more detafl the scenario for determinii^ if the network 

30 isdowa It should be understood that the network can be chedced at a number of differerit ttines 
during the customer transaction. For exanq>le, the network can be diecked before and after fueling 
has htgrn. With reference to Fig. 1 IC, if the network is down, the transaction is processed as an 
unpaid CAT sale (step 1 152) and the sales information may be stored in the host's compute's 
memory for forwarding to the network at a later time when the network is operational. If the 

35 network is not down, the authorization light or other in-range indicator is turned off in step 1 154. 
The sale is finalized and any final customer specific activities such as displaying a prompt for receipt 
are performed in step 1 1 56. 
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2.2 Scgnario for Hand-Held Transponder 

Fig. 12 depicts a flow chart 1200 iDustrating operation of the system 10 in a scenario that 
involves a hand-held transponder 25. The transponder 25 may be used evm in situations where a 
customer with a vehicle mounted transponder 23 approaches the pump, whereupon the transponder 
25 may be used to override or cancel a possible transaction iiivolving the transponder 23. This 
might occur, for example, when the customer wishes to charge the sale at the pump to an account 
dififerent than the account associated with the vehicle mounted transponder 23. 

Referring now to Fig. 12, in step 1204 a customer approaches a pump, i.e , a dispensing 
area, within the service station environment. In step 1206 a determination is made whether the 
hand-held transpond^ 25 is in range of the pump. As previously discussed with reference to Figs. 
1 and 8, this determination involves a reader 20 receiving data from a transponder 25 after the 
transponder is first charged by the antenna 24A or 24B. To be in range, typically the customer must 
place the transponder 25 up next to the dispenser 14 or in some other dengnated location up dose 
to the antenna 24A or 24B. If the approacMng customer does not present a hand-hdd transponder 
25, then the system defiuihs to traditional customer processing in step 1221. It should be 
understood that if a veUde-mounted transponder is detected, then the process as described with 
reference to Figs. 1 1 A and 1 IB occurs. In step 1206 if the hand-held transponder 25 is in range, 
then in step 1212 a ^'customer in range" indication is provided at the pump. In one embodhnent, 
when the tranq)onder 25 is in range of the pump di^ensing area, the authorization light 45 A, 45B 
turns on to provide the indication. The light 45 A, 45B may be at any suitable location on or near 
the dispense 14. In one mibodiment, it is in the location of the antenna 24 A or 24B, where the 
customer presents the tran^nder 25. Separate in-range indicators may be provided for the hand- 
held transponders and the veUde-mountedtran^nders if desired. Once the indication is activated, 
if the indication is in the form of a light, for example, upon moving the transponder 25 away from 
the light the li^t remains illuminated until a time out occurs^ as explained bdow. 

Once an in-range indication occurs at a punq) responsive to the customer presenting the 
transponder 25 in raiige» if the customer thw approaches another pump so that the transponder is 
in rar^ the indication for that odier pump win also be provided, and subsequent activation and sale 
is allowed, as esqilained below, at both pumps. In one embodiment, when two indications and 
activations occur concurrently that invohfe tiie same hand-hdd transponder 25, an indication is 
provided to the sorvice attendant to Blen the attendant of the fact, so that if a fraudulent or 
unintentional use of more than one pump by the customer tranq)onder 25 is occurrii^ it can be 
tmninated. 
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5 While in one embodiment the in-mnge indicator is the light 45 A, 4SB, it will be appreciated 

that the indication can alternatively be provided by an audible sound (e.g.« music, tone or voice), a 
mechanical movement, a video or multimedia presentation, or any combination thereof or other 
activity that can be sensed by the customer. 

In step 1218 the pump's customer activated terminal allows the sale to proceed by displaying 

10 to the customer an indication that the pump handle may be removed for immediate fueling, or 
alternatively that another form of payment (e.g., 'Insert card**) or cancellation of the imminent sale 
(eg., *'cancd^) may be made. In step 1222, a determination is made wh^her a time limit has been 
exceeded. IftoomuchtinKha5passedsincethetransponder2ScBmeinrange without the custon^ 
proceeding with the sale, then the m-range indicator goes ofif (step 1219) and the system defaults 

15 to traditional customer processing (step 1221). The step 1222 time limit may be several seconds 
to a miraite or two, for example. The purpose of the step 1222 time limit is to avoid fraudulent or 
acddental use of the customer's identification should the customer leave the dispenser area (e.g., 
to go in to the service facility) or otherwise be inattentive to performing an sale completion. As an 
option, the time timit stq> 1222 may be omitted. 

20 If, in step 1222, the time limit is not exceeded, then in step 1224 a determination is made 

\^4iether the customer has activated the pump. In step 1224, the customer nmy activate the pump 
by lifting the pump nozde from the dispenser 14, or by a combination of lifting the pump nozzle and 
commencing fueling. In a dispenser 14 that is nm equipped with a nozzle-M detector, the activation - 
occurs, for exanq>le, by lifting a pump lever, slidiqg an element, or periuqss by pressmg a grade select 

25 button to start the pump. For purposes of the present disclosure, any of the foregoing techniques^ 
or any combination thereof or other techniques utilized to start the pump, are considered a pump 
**activalion.'* 

If the pump 14 has not y^ been activated, the system tests m step 1225 for an override of 
the use of the CID code. An override may occur when the customer cancels the transaction or 

30 selects another form of payment, e.g., a oedit card. If an override does not occur, the process 
returns to step 1222 whereby the system again determines whether the time out period has been 
exceeded. If an override does occur, the system proceeds with traditional customer processing, stq) 
1221, with the type of proces«ng being dependent upon the type of override selected. The deluls 
of the test for an ovaride when the pump has not yet been activated are discussed ftirther below 

35 with reference to Fig. 1 IC. 

Once the pump is activated in step 1224, then in step 1228 the transponder 25 data (e.g., the 
customer account information) is associated with the pump so that a sale (e.g., fueling or other 
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purdiase) will be permitted. Pump/transponder 25 assodation in step 1228 only occurs once the 
pump is activated in step 1 126. 

In step 1230 authorization of the tranq;KMider data (e.g., customer account information) and 
a test for a time-out are performed. Rg. 1 IE ilhistrates how a denial of authorization or a '^ime- 
ouf ' may be handled. In step 1232 a sale is permitted and in step 1234 the sale is completed using 
the customer*s CID data. Fig. 1 tC ilhistrates in more detail the steps taken to complete a CID 
transactioa The foregoing steps 1230-1234 are performed, respectively, substantially the same way 
as are steps 1 130-1 134, described previously. Note that if a customer overrides a CID transaction 
and selects a dififerent method of payment, the indication light 45 A or 45B will turn ofif. 
2.3 Tgst Tqt Override When Pump Not Aaivated 

Fig. 1 ID. describes the process that occurs when the CID system tests 10 for an override 
of the system when the pump has not yet been activated. The process applies whether the 
transponder detected is a vehicle-mounted transponder 23 or a hand-held transponder 25. As 
discussed above, such an override may happen vAien the customer diooses a different method of 
payment other than the use of the CID code or the customer deddes to cancel the transaction. 

Initially, the CID system verifies that foeling has not started by determining whether the 
(fispenser nozzle has been removed firom hs seat and whether actual foeling has started (steps 1 1 60 
and 1 162). If the nozzle has ben removed and foeling has started, then the system tests for an 
overridewhenthefoelinghasstarted, instep 1164. Fig. 1 IF describes the process for testing for 
an override when the foeling has started. 

If the nozzle has not been removed and/or foeling has not started, then the CID system 
determines >^4iether the customer has: (1) canceled the transaction by hitting the ""CANCEL" button 
on the customer-activated-terminal (CAT) (stq> 1 166X(2) inserted a credit/debit card into the CAT 
as payment (stq> 1 168), or (3) sdected a cfififerent method of payment (such as cash) (1 1 70). If yes, 
tfie in-rai^e indicator is turned off (step 1 172), the display on the CAT is changed to read "Insert 
card or remove nozzle" or some stnular message (stq) 1 174), and the transaction is processed uwig 
traditional customer processing methods^ i.e., without u^g the QD code (step 1 176). 

Note^ if the customer hits the "CanceT button, he or she is given the opportunity to undo 
the cancel. After the "Cancel" button is selected, the display will read ""YTN" (step 1 178). If the 
customer selects *Vr for no, the CAT will display a message such as "Nozzle, Cancel, Card" (step 
1 180X and the transaction continues to be processed as a CID transaction (step 1 182). Similarly, 
if neither a card in inserted (step 1 168) or another paymrait key is sdected (step 1 170), then the 
transaction continues to be processed as a CID transaction (step 1 184). In steps 1 182 and 1 184, 
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5 if the tran^nder is a vdude-mounted tranq>onder 23, the process continues vAih the time out step 
1 122 of Rg. 1 IC. If the transpcmder is a hand-held transponder 25, then the process continues with 
tfie time-out step 1222 of Fig. 12. 

2.4 Test For QvOT ide Whm Pump Activated 

Fig. 1 IF desCTibes the process that occurs when the CID ^stem tests for an override of the . 

10 system that has been attempted after fueling has started. The CID system verifies that fueling has 
started (step 1 190). If fueling has not started, then the system in step 1 191 tests for an override 
when &eling has not started. Fig. 1 ID, discussed above, describes the process that occurs when 
testing for an override before fiiding begins.. 

If fueling has started, the CID system d^ermines wbeth^ or not the "'Caned** button was 

15 hit on the customer-activated-termmal (CAT) (step 1 192). If yes, the pump in the dispenser is 
stopped (step 1 194) and the customer is instructed by the display on the CAT to replace the nozzle 
and p^ the attendant inade the service station building (step 1 195). The ^stem then continues to 
coiq>lete the sale (step 1 196) 1^ testing the netwoik (step 1 150 ofFig. 1 IC). If the "Caned** button 
was not lut in step 1 192, the Cn> system detennines whether or not a oredit/debit ca^ 

20 into the CAT (Step 1193) or if a diflfefent payment key on the CAT w^ Ifyes, 
the diq)lay on the CAT is dianged to read that an override of the ^em cannot be accomplished - 
for example, saying that a credit/debit card cannot be accepted (step 1198). The process then 
contfames i»rocesang the sale to completion in stq> 1 1 99 by determining wh^er the nozzle has been 
retraced (stq) 1 148. Fig. 1 IC). If a credit/dd)it card has not been insated and a dififerent payment 

25 has not been selected, the message of step 1 1 98 is not displayed, but the ^em continues to process 
the sale to completion in step 1 199. 

2.5 Authorimtion Dented or Ttme-Out Handling 

1 IE desofibes the process that occurs whm customer authorization 
there is a system time-out due to the Mure of the network to pro^de customer authorization 

30 confinnationordemalfortheuseoftheCIDcode. If fueling has akeady started (step 2210), then 
the CDD system 10 stops the fiid pump (step 2212) and informs the customer to replace the nozzle 
and pay the attendant inside the service station building (step 2214). If the foeUng has not started 
(step 2210), then the CID system 10 determines whether the nozzle has been lifted (step 2216). 
If the nozzle has not yet been lifted then, then the CID process continues (step 2217) with 

35 the time out step 1 122, Fig. 1 IB, if a vehide-mounted transponder is involved or with the time out 
step 1222, Fig. 1 IC, if a hand-held transponder is involved. Another opportunity to authorize the 
CID use (for example if there had been a system time-out) is provided again in step 1 130, Fig. 1 1 A, 
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and step 1230, Fig. 12. If the nozzle has been lifted, the customer is infonned through the CAT 
display that the CID authorization has been denied and is requested to select another method of 
payment (step 2218). The transaction then proceeds vnth traditional customer processing, i.e., 
without using the CID code for payment (step 2220). 

2.6 Authorization Light Hn-Range Indicator^ Operation 

Rgs. 1 IH and I II illustrate the general operation of the authorization lights 45 A, 4SB (or 
other in-range indicator) of the dispenser 14. Not every trigger for turning the in-range mdicators 
on or off is included in Figs. IIH and 111. It should be understood that other figures and 
discusdons hemn may describe additional or modified scenarios for activating or deactivating the 
in-range indicators. With reference to Figs. 1 IH and 1 II, the CID system 10 continually takes 
readings to determine if a CID transponder 23, 25 is present or in read range in step 2230. If a 
vdnde-mounted transponder 23 is in ranges the CID system 1 0 in stq> 2232 determines whether the 
detected CID code has been used recently at another pump at the service station. Step 2232 is 
similar to stq> 1108 of Kg. IIA. If yes, the transaction is processed as though no CID is present 
and the sale is processed using traditional customer methods in step 2234. As discussed previously 
with refmice to Figs. HA and 1 IB, during step 2232, the CID system 10 is cheddng to see if a 
transaction uang the vefaide-mounted QD code has been completed recently at another pump, i.e., 
completed in the last five to ten (5-10).nunutes. If a transaction has been completed using the 
vdnde-mounted CIDoode in the last five to ten (5-10) minutes, then the CID system will not turn 
on the in-range indicator and the dispenser will not operate unless another form of payment is 
sdected. As mentioned fiirther, this helps avoid fituid by providing the customer ample thne after 
fiiding to leave the service area without activating authorization lights at any otb^ dispensers in the 
service area. Note, ifahand-hdd transponder is detected in step 2230, then the ^stem 10 does not 
check for recent use in stq> 2232. 

If the detected CID code has not been used recently at another pump or the detected CID 
code originated firom a hand-hdd tranq>onder 25, then the CID ^stem turns the in-range indicator 
ontn5tep2236. While the in-nmgeindksacM'45A,45B is on, the CID system 10 determines!^ 
2237, 2239, and 2241 whether the transponder is still in read range and whether a time out has 
exceeded. These steps (2237, 2239, and 2241) are similar to steps 1113, 1114, and 1115, 
req)ectively, of Fig. 11 A. 

In step 2238, the system determines whether the "CanceT' button on the CAT has been hh. 
If yes, the system then detennines in stq) 2240 viheAier fiidii^ has started, and if fiieling has started. 
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5 the system tests for an override in step 2242 (see Fig. I IF). If the Xancd'' button has been hit and 
fueling has not been started, then in step 2244, the in-range indicator is turned off 

If the ""Cancer button has not been activated in step 2238, the CID ^stem 10 determines 
whether a time out has been exceeded in step 2243 and, if not, determines if fueling has started in 
step 224S. Steps 2243 and 2245 are similar to steps 1 122 and 1 124, respectively, of Fig. 1 IB, and 

10 the description for steps 1 122 and 1 124 accordingly apply for steps 2243 and 2245, respectively. 
Note, if a time out is exceeded in step 2243, then the in-range indicator is turned off in step 2244. 
Once fueling has started, the system 1 0 then continually checks to see if the nozzle has been replaced 
(step 2246). Once the nozzle has been replaced, the in-range indicator is turned offin step 2244. 
After the in-range indicator is turned off, the CID system continues to check to see if the 

15 detected CID transponder is still in read range in step 2248. The in-range indicator remains off as 
long as the transponder is continuously read by the antenna on the dispenser. The in-range indicator 
45A, 45B, therefor^ is prevented from conung on again as soon as the sale is completed but before 
the customer has driven away from the dispenser. Once the CID transponder is out of read range, 
i.e., the antenna gets an ''empt/' transponder read, the system is essentially reset and the 

20 authorization li^t wiU come on in response to a subsequent tiian^onder read. ' However, as 
discussed above, the dispoiser authorization Ughts will not come on before a period of five to ten 
(5-10) minutes after the completion of the sale. 

2.7 Networic Down Scmario 
Fig. I IG describes the process that occurs if there is a computer network fiulure. After 

25 either a vdticle-mounted 23 or hand-held CID tran^nder is read (step 2250) and the authorization 
light is turned an (stq) 2252X the CID system 1 0 determines \i^i^er the computer network is down 
(step 2254) and, ther^re^ whether the customei's CID code can be verified and/or any final sales 
information can be forwarded from the host computer to the network for proces^g and. If the 
network is down, the customer is informed of the network feihire and is asked to see the cashier 

30 (step 2256X and the authorization Oght 45A, 4SB fm-range hMiicator) is turned off (step 2258). 

If the network is not down, the CID system then determines if foeling has started (st^ 
2260). If fiiding has not started and the network is up and nmning, then the system continues to 
process the transaction as a CID transaction. Once foding has started, however, the CID system 
continually checks to see if the netwoik is down (step 2262). If at anytime during fueUng the 

35 network fails or goes down, the sale will be processed as an unpaid CAT sale (st^ 2264) and the 
sales information is stored for future forwarding to the n^work. If no network failure occurs during 
fiieling, then the transaction continues to be processed as a CID transaction. 
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3.0 Snftware Tasks and Subsystems 

The following is a description of the specific tasks carried out by software and subsystems 
of the CID system in one embodiment. Other arrangements are contemplated. . 
3 1 Overview of Software Tasks/Subsvstems 

Fig. 13 is a diagram 1300 illustrating the relationship between the major software tasks and 
sub^stems involved in handling a CID transaction. The software tasks and subsystems needed to 
process the customs* identification (CID) feature g^erally fall into the following areas: 

A. Reading the transponder 23, 24 numbers ("CIDs''). This is performed by a low-level 
Transponder Reader Task 1302. 

B. Handling the CIDs, getting auths (authorizations), turning on authorization lights (or 
other in-range indicator), etc. This is performed by the CID Primitive software routine 1304. 

C. Handling the CID information in a sale by, for example, making changes to the Base and 
Af^Iication customer platform service C^CPS^) code; note that the Base and Application CPS code 
refers to the service station software that controls the fiid pumps and handles non-CID transactions. 

D. Handling CID authorization requests, authorization r^ms and time outs. This is 
performed 1^ the CID application's Network Communications 1306, which is in conununication 
with the outside network 1308. 

E. Processing outdoor sales activities 1310, i.e., customer activities that occur at the 
dispenser 14, such as a new CID read, the insertion of a credit/debit card into the customer- 
activated-terminal (CAT), the ostomer pressirig the cancel key of a different Pay Type key, nozzle 
lift or r^m, and the end of the sale. 

F. Handling comniaiid input at programming screens 1 3 12. Through programming screens 
(discussed in more detail in A ppendix D) the service attendant (or other authorized personnel) is 
given the ability, for example^ to turn CID fonctions on or off* for individual dispoiso^ 14 or for the 
entire s^ce station; turn individual readers on or off; map anteimae to particular CATs, and 
perform CID ^em diagnostics. 

3.2. The Transponder Reader Task 
Fig. 14 is a diagram 1400 which more particularly illustrates the flow of data and commands 
between the Transponder Reader Task 1302 and the CID Primitive software routine 1304. The 
Transponder Reader Task 1302 selectivdy sends commands signals to the transponder readers 20 
in order to turn the readm 20 on or off' (i.e., activate) and forwards authorization light control 
commands fix)m the CID Primitive 1304 to the readers 20 as well. The Transponder Reader Task 
1302 forthermore receives the CID numbers read at all the antennas in the sovice station. In a 
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typical-sized service station there may be dght (8) readers 20 in the ^ton, with each reader 
handliqg up to four (4) antouias. Consequently, thoie may be up to thirty-two (32) antennas in a 
typical system. 

After receiving the CID nunibera, the Tran^XMider Reader Task writes the transponder CID 
number data to a table ilhistrated by Table 2 below. The table contains CID numbers or values for 
all the antennas. The antennas are grouped in pairs of a high-power (long-range) antenna and a 
low-power (short-range) antenna. The first antenna pair provides the first two values in the array 
of CIDs, one fi>r a lugh-power antenna and one for a low-power antenna. The CID values n»y be 
eight (8) bytes so that there would be two (2) pairs of dght (8) byte values per reader 20. Note that 
the reader and antenna columns in Table 2 below are just for rderence. 
Reader Antenna CID Read at Antenna 

1 



1 
1 
1 
2 
2 
2 
2 
3 

etc. 



I 
2 
3 
4 
5 
6 
7 
8 
9 



xxxxxxxx 



yyyyyyyy 



Table 2: Transponder Reader Task's Data Structure 
A typical reader, m one embodiment, is able to handle two (2) pairs of antennas (e.g., 
antennas 22A, 22B, 24A, 24B). This means that eadi reader 20 pro^des thirty-two (32) bytes of 
CID data, or as mentioned d>ove two (2) pairs of dght (8) byte vahies. When no transponder 
number is read at an antenna, the vahie zero (0) is placed in the table as the transponder number for 
that antenna. When all the transponder values have been read for all antennas, a signal is sent to the 
CID Pritnitive 1304 to process the new transponder numbers. This signal is in the form of a 
command padcet sent to the CID Primitive's Command Mailbox 1402. Either the CID numbers or 
a pointer to the CID nunid)ers may be sent in the command packet. 

Authorizatkm fight contrcrf is dedded at a higher software levd than the Transponder Reader 
Tadc 1302 and is passed to the Transponder Reader Task 1302 as commands to turn on or turn off 
individual lights. 
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3.3. The CIP Primitive 

With rrference to Figs. IS and 16, the CID Primitive 1304 receives commands m its 
command nuulbox 1402. These commands include: 

1) Process the ready CID numbm (data) fiom the Transponder Read^ task 1302. 

2) Turn on or turn ofTthe transponder light (authorization li^). 

3) Override CID use at a pump (originated from the Base CPS 1 502 or implication code 

1504). 

4) Latch CID use at a pump (from the Base CPS 1502 at nozzle lift). 

5) Handle CID Auths (authorization replies) returned from the networic 1308 through the 
Application's Network Interface (or Communications) 1 306. 

6) End CID use in a sale (from the Base CPS 1502 or Application code 1504 at the end of 

a sale). 

7) Return CID use status for a pump (fix>m the Base CPS or Application code) 

8) Return CID revi^on information (fit>m Base CPS rqport generation code) 

The CID Primitive 1304 will receive a command to process a new batch of CID numbers 
read at the pumps or disposers 14 fiom the Transponder Reader Task 1302. During proces^g, 
the CID Primitive 1 3 04 maps the antennae data to spcd&c pumps 1 4 fo r use in d^ermining CID use 
at the pumps. Each antenna pair provides two (2) CID values (one per antenna). As discussed in 
more delafl bdow, die CID Primith^ 1 304 utilizes the non-zero CID if one is read at dther antenna 
c{ a pair. TUs non-zero CID vahie is used for the pump that is mapped to the antenna pair (if any). 
The CID Primitive 1304 is able to determine v^^iether the CID value came from a vdiicle-mounted 
transponder 23 or a key ring/chain tran^nder 25 by which antenna read the transponder. For 
exan^le^ if the tranqxmder was read by a low-level antenna 24A, 24B, the transpondo- is consido^ 
to be a kqr ring/diain transpondo* 25. If the CID was read by a high-levd antenna 22A, 22B, it is 
conada^ed to be a vdiide-mounted transponder 23. 

If both antennas of a CID pair are non*zero, i.e. where the high-level antenna 22A, 22B of 
apump 14 reads a vdnde-mounted transponder 23, and the k>w-level antenna 24A, 24B of the same 
pun^ 14 reads a key ring/chain type tranqxmder 25, the bw^evd read takes precedence a^^ is used 
by the CID Primitive 1304. In this way, the key rii^chain type transpond^ 25 is able to override 
a vehicle-mounted transponder 23 at pump 14, and the transaction is chaiged against the key 
riqg^chain tranq>onder 25 account. This override measure is discussed fiirther below with reference 
to Fig. 17M. 
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5 The CID Piimitive 1304 maintains two lists of data structure. One list, as shown by Table 

3 below, provides the status of the pump 14 and includes the following information for each pump: 
(a) the type of transponder that was d^ected by the pump - dther the vdiicle-mounted (window) 
23 or key chain/credit card 25 type; (b) an index to the CID list (the second data list (Table 4) 
maintained by the CID Primitive 1304); (c) >^her there has been an override of CID use at the 
10 innnp and the authorization light has been forced off; (d) whether there has been a return on status 
change; and (e) the previous status. 



15 



Pump 
No. 


Tran^. Type 
(Window or Key) 


Index into 
CID list 


OvenideCny Force 

QffMght 


Ret on Status 
Chai^Mask 


Previous 
Status 


1 
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3 
























n 













Table 3 - Pump List Data Structure 



20 The second list maintained by the CID Primitive is another structure for CID numbers that 

are beiiig processed by the ^stem as shown in Table 4 below. TUs list includes the following 
information for each CID number: (a) tiie type oftransponder the CID number came fiom -either 
the vehicle-mounted (window) 23 or key chain/credit card 25 type; (b) which pump 14 read the 
CIDnund)er,(c) which pump 14 is usiqg the CID nund>er,(d) the status ofthe CID authorization; 

25 (e) \Mag information; (f) ddete time; and (f) a forwarding nuulbox. Difierent fimctions chaiige 
or query the two data structures (Table 3 and Table 4) in different ways. 
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Table 4 CID List Data Structure 
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Figs. 17A-17N and 17Q are flowdiarts describing the CID Primitive and the various 
ccmimands it handles. Fig. 17A describes the overanconunand processes of the CID Primit^^^^ The 
CID Primitive continuaUy diedcs for commands in its CID Command Nfailbox (CID Cmd Mbx) 
1402 (stq) 17Q2). If there is no command, the CTO Primitive proceeds vwth a CH) Ust Clean 
1704; see flowchart 17001 of Fig. 171) where the CID List Data Structure (Table 4) is cleared of 
CID nund>ers no longer read by a pump or in use at a pump after the CID's ddete time has passed. 
After completing the CID list cleanup, the CID Prinutive again checks its CID Command Mailbox 
1402 for commands (step 1702 of Fig. 17A), 

In flowchart 1700A, if there is a command in the mailbox 1402, the CID Primitive 
detemiines if flie mailbox contains CID data fi^om the Tran^nd^ Reader Task 1302, (step 1705). 
Ifyes^ the CID Primitive processes the CID data usii« a '"Ha^ step 1706 

Box276. TheflowdiartHOOD^'TIandleCIDData^ofFigs. 17Dand 17Edesm^ 
how the CID data is processed. 

reference to Figs. I7D and 17E, handling ofthe CID data invcrives, among other things, 
updating the Pump List Data Structure (Table 3 above) and CID list Data Structure (Table 4 
above) based on the CID data received fix>m the Transponder Reader Task 1302. Instq) 1800 of 
F^ 17A, the (:n> Primitive mqis the antenna data to the punq>s 14. Flowchart 1700M of Fig. 17M 
describes in more detaO the process by which the CID Primitive handles the mapping of ant^a data 
to Ae pumps. With reference to Fig. 17M, the system diecks all antenna data and matches antenna 
pairs to q)propriate punq) numbers or fiee-standing reader in steps 1 802 and 1 804). Then for each 
pair of antenna readings (one high-power and one low-power reading per pair), the sy$t&n 
determines if either CID number is non-zero (meaning at least one transponder has been read) (step 
1806). If neither antmna reading is non-zero, i.e. neither antenna detected a transponder, then 
system sets the new CID for the pump to none (0) (Step 1808). 

If at least one CID is non-zero tfien in step 1 8 1 0, the CID Primitive determines whether both 
CIDs at a pmap are ncm-zero. If both CIDs at a pump are non-zero, i.e., a the high-power antenna 
detects a vehicle-mounted transponder 23 and the low-power antenna detects a hand-held 
transponder 25, then the low-power antenna data takes precedence so that the new CID for the 
pump is set to the non-zero CID mimber corre^nding to the hand-hdd or key chain type 
transpcHider (step 1812). If it is not desired to allow an override by the handheld tranq^ond^ 25, 
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5 then ahematively the system can maintain an error condition and set the new CID for the pump to 
none (0)(Box 406). 

If both CIDs at a pump are not non-zero in step 1810, then in step 18 14 the new CID for 
the pump is set to the non-zero CID number, and the CID type is set to either window-mounted 
or key chain depending upon which antenna it was read the new non-z^ CID. 

10 Returning to flowchart 1 700D of Figs. 1 7D, 1 7E, after the antenna data has been mapped 

to the pumps (step 1 800), individually b^ins processing the antennas (steps 1 7S0, 1 7S2). If in step 
17S4 the CID value for an antenna is blank (zero) and the pump has no associated CID numbo*, the 
CID Primitive clears the flag that forces the authorization light off at the pump so that future CID 
reads will be able to turn on the authorization light (stq> 1756). Whether or not the force 

15 autfaorizadralig^ flag has been deared, the CID Primitive in step 1758 next compares the current 
CID read witfi the previous CID read. If there has bem no change, i.e., the current CID read is the 
same as the previous CID read, then the CID Primitive does nothing (stq) 1760). 

If the current CID is c&£krent than the previous CID (step 1762), then the ^em again 
detemunes in stq) 1764 whetter the current CID is blank. If no, then in steps 1 820, and 171 1, the 

20 system performs subroutines to handle new non-blank CID read at the pump and to handle return 
on status diange, respectively. The subroutine for handling new non-blank CID reads is described 
in more detail in flowdiait 1700F of Fig?. 17F, 17G, and the subroutine for handling return on status 
cfaaQges is described in more detail in flowchart 1700C of Fig. 17C. These subroutines are discussed 
in more detail fiutha* bdow. 

25 If in step 1764, Rg. 17E, the currwit CID is blank, the system d^ermines whether the 

previous CID was from a window-mounted (vdiicle-mounted) transpond^ 23 in step 1766. If no, 
the system does nothing in stq> 1768 ance this means that the previous CID was from a key chain 
typetnmq>onder2S. Iftfie previous CID was a vddde-mounted transponder 23, the (}ID Primitive 
performs steps (steps 1770, 1772, 1711, 1774, 1776, and 1778) to update the Pump list Data 

30 Structure (Table 3) and the CID List Data Structure (Table 4) in order to ''disconnect'' the CID 
fitm the pump (step 1774) and disassociate the pump witii any CID (8tq> 1778). Instep 1776 the 
velude-nKnmtedCIDisnotimmedi|tte]yddeted,butratheratimeissetf^ Thatway 
the vehicle-mounted transponder 23 w3l not turn on authorization lights as it passes other pumps 
for a pred^ermined period of time. 

35 With refwence to Figs. 17F, 17G, the steps taken by the CID Primitive to handle a new non- 

blank CID read at a pump (step 1820 of Fig. 17E) will now be described. First, the CID Primitive 
determines in step 1821 whether the new CID is in tiie active CID list (Table 4). If no, the new CID 
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is added to the active list in step 1 822, and an authorization request is sent to the network for the 
new CID (step 1823). The authorization light stays on at the pump (step 1 824), and the system next 
determines whether a (fifiSsrent CID had previously be associated with the pump (step 1 825). If yes, 
and the previous (old) CID was from a chain transponder 25, then the old key chain CID is 
deleted from the tables (steps 1826 and 1827). If yes^ but the previous CID was not from a key 
chain transponder 25, i.e., it was from a vehicle-mounted transponder 23, then in steps 1828 and 
1830, the old CID*s entry for "Read by Pump #" column of Table 4 is cleared (set to zero (0)) and 
a time to delete the old CID from the table is set, respectively. Next, in steps 183 1 and 1832 the 
pump's associated CID index (Table 3) is set and the present pump is s^ as the entry for the "Read 
liy Pump'* colunm (Table 4), respectively. In step 1834 the processing of the new non-blank CID 
is completed. 

If in step 1821, the new non-blank CID is aheady on the active CID list, the CID Primitive 
chedcs to for whether the new non-blank CID is m use at another pump (steps 1 836- 1 842). If the 
new CID is from a key diain tran^nder 25 and is currently being used by another the pump (steps 
1837, 1838 and 1839), then the new CID is added to the active CID list in 1822. In this way, the 
key chain transponder 25 may be used at more than one pump at a time. If the new CID is from a 
k^duuntranqx>nder 25 and is not cunnently being used by another the pump (s 1837, 1838 and 
1839), then in step 1840, the existing CID entry on the table is used, i.e., the a new entry is not 
made. 

If the new CID is from a vehicle-mounted transponder 23 which is not in use by another 
pump (steps 1837, 1840), then in step 1840, the existing CID entry on the table is used, i.e., the a 
new entry is not made, however, the new CID is from a vehicle-mounted transponder 23 that 
is in use by another pump (steps 1837, 1840, 1842), then the force light off flag is set so that the 
new CID read will not turn the authorization light on. Accordingly, the vehicle-mounted 
transponder is prevented from betiig used at more than one pump at a time. The proces^g then 
ends in stq) 1834. 

Other conmuuids handled by the CID Primitive are discussed forther bdo w. 
3.4. The CID Primitive/Sale PrpcesAiy Intgrfiice 

Outdoor sales processing, i.e., where the customer does not go through a cashier or 
attendant but makes pigment at the dispenser 14 by using dther the CAT or the CID code, requires 
inter&dng at a number of sieps in the sale process as described below. The various steps include: 

1 . A new CID is first read at a pump or is first no longer read (goes to a zero CID) 

2. Bill Insertion, Card Insertion or Pay Type Key Pressed 
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5 3 . Nozzle Lift 

4. Authorization Approval, Denial or Timeout 

5. End of Sale/Cancd 

In each of the above cases^ dther the Base CPS code 1S02 notifies the CID Primitive 1304 
or the CID Primitive 1304 notifies the Base CPS code 1S02 that the event or step has transpired. 
10 Both the Base CPS code and the CID Primitive handle these events. 

3.4.1. A cm Number is First Read at a Pump 

Referring to Fig. 17A, when a CID number is first read at a pump, the CID Primitive 1304 
checks to see if there is a return on CID status chaiige request for the pump (see step 1708 and 
subroutme step 1710 of Fig. 17A and flowchart 1700B "Handle Return on Status Change Request** 

15 in Fig. 17B). If so» the CID Prinutive sends notification to the Base CPS proces^g code to inform 
itofthenewCIDread. The Base CPS code notifies the application code, which may perform some 
fimctions such as changmg the CAT display to reflect that a CID has been read at the pump. 

Stnulariy, if a vdude-mounted CSD transponder 23 passes out of the read range of a pump, 
theCIDPrimith;einfi>rmstheBaseCPS thattheCID isno long^ the pump (if a return 

20 on status change is requested for that punq)). This enables the application code to change the CAT 
display prompt back to its original state (no CID read state), or perform whatever actions are 
needed. 

The CID Prinutive status return inter&ce uses mailboxes for the command request and for 
the status change notification. The Base CPS sends a return on status change request to the CID 
25 Primitive via the CID primitive's Coninumd Mailbox. The CID Primitive processes the request and 
monitors the CID reads at the CAT. When a new CID is read, it returns the status diange to the 
appropriate state^mbx for the requesting cpt. Kg. IS is a diagram ISOO iUustratuig the return on 

status change inter&ce. 

3.4.2. Rill Insertion, Card Insertion or Pav Tvoe Kev Pressed 

30 When a bill is inserted in the biO acceptor, a card is inserted at the CAT, or a pay type key 

is pressed at the CAT, the Base CPS code 1502 handles the event in its normal manner. The CPS 
code also calls the new routine overridejcid_At_PumpO. 
The format of the call is: 
override-cid-at-pump( pump-num, &status); 
35 This routine sends an overridejddjUjpump command to the CID command mailbox (see step 1712 
and subnnidne step 1714 of Fig. 17A, and flowchart 1700H "Handle CID Override" of Fig. 17H), 
With rrference to Fig. 17H, if the pump is not activated yet, then the authorization light is turned 
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ofF at the pump and the CID is prevented fixim being used in a sale at the pump (stq>s 1850 and 
1852). If the pump has already been activated, however, then the attempted override is ignored and 
a message is displayed at the CAT to the effect that the override can not be made (steps 1850, 
1 854). In step 1 856, the override subroutine is ended. 
3.4.3. lUlelift 

When the nozzle is lifted at a pump 14, if the pump is not already authed (authorized) or an 
auth (authorization) in progress is set, and if the pump 14 has no problems preventing an 
authorization, the Base CPS code 1 502 calls the new routine latch-dd-at-pumpQ. 

The format of the call is: 
latch_cid_at_pump( pump-num, &status); 
This routine sends a latch_dd_at_pump command to the CID command mailbox (see step 1716 and 
subroutine 1718 of Ftg. 17A and flowchart I700K IHandle Latch CID At Pump" of Fig. 17K). With 
reference to Fig. 17K, vAnen processed, the ammiand chedcs to see if the pump has a CID read, and 
if it can be used in the new sale. In particular, in step 1902, the system determines if the pump as 
an assodated CID index. Ifnot, then the sale will not be a CID sale (step 1904) and the force light 
off flag is set for true, i.e., the pump light is turned off Of not already off) (step 1906). 

If the pimp does have an assodated CID index in step 1 902, then the system diecks to see 
whether the force light off flag is already set for the pump, i.e. set to off (step 1908). If yes, then 
in stq> 1910 dseCiP cannot be used in the sale. If the fi^ not s^ to ofi^ then the CID may be used 
in the sale; and the CID is assodated with the pump sale (stqj 1912). A status is returned indicating 
inAwdierornotthesaleisaCIDsale. In st^ 1914, Table 4 is updated to indicate the CID is in use 
at pump. In steps 1916, 1918, and 1920, the appropriate mailbox for the authorization responses 
is !q)edfied, and the CID Primitive forwards the Auth reply or timeout to the appropriate task's 
mailbox, which is how the system works with pr&>auths. 

As discussed fiuther above, in order mitigate the effect of any spurious signals that may be 
picked up by the antennas and to verify that the same CID code is bdng detected both before and 
aft^ the nozzle lift, the CID system prderably compares a sampfii^ of readings made before the 
nozzle M with a samplti^ofreadings made after the nozzle is lifted. The CID ^em verifies that 
the readings before and after the nozzle fift are the same or neariy the same. For example, the CID 
system mistake five readings before the ixizde lift and five readings after the TO If all, two 

or three of the five readii^ made prior to the lift match all, two or three of the five readmgs made 
after the lift, then the CID code is verified. More readings could be made if desired. For example, 
ten readings made prior to the lift could be compared with ten readings nuule after the lift. An 
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5 acceptable oonqMrison may be if five of the readings made before the lift match five of the readings 
made after the lift. 

3 4 4 End of Sale/Cancel 
When a sale is canceled or finalized, the Base CPS code 1S02 calls the new routine 

end*dd*at-pumpO. The format of the call is: 
10 end_cid_sale_atj)ump( pump_num, &status); 

This routine sends an end_dd_sale_at_pump command to the CID Command Mailbox (see step 

1720 and subroutine 1722 of Fig. 17A and flowchart 1700L ''Handle end_cid_use_atj>ump" of Fig. 

17L). This command tdls the CID Prinutive that the pump With reference to Fig. 17L, 

the CID Primitive determines in stq) 1 930 if a CID in the CID table is associated with the pump and 
15 if so, begins deanup operations on the CID in steps 1932, 1934, 1936, 1938, and 1940. The CID 

b not immediately deleted, as the system needs to keep the CID and the status of its use in a sale. 

This is so that when a mounted transponder 23 sale is finished at a pump, the transponder does not 

turn on authorization lights as it passes other pumps for a predetermined period of time. 
3.5 The CID Primitive/Network Commumcarions Interface 
20 The CID Primitive 1302 interfiices with the application-spedfic network conmiunications 

code in order to send authorization requests to the appropriate network, and to recdve rq)lies fixsm 

the network. 

3.5.1. CD? Authorization Rwuesft 
When a new CID is first seen at an antenna, an authorization request is gmerated for the 
25 CID. A new routine, authorize^ddQ, interacts with existing network communications codejo 
generate an auth (authorization) request to be sent to a network. 
The format of the call is: 

authorize-cid( ddjmmber, ctd^index, retum-mbx, &status ); 
where dd_tndex is a method of identifying the auth rMim with the CID that is requesting the 
30 authorization. This procedure is called by the CID Primitive and does not involve sending any 
commands to the CID Prirmtive Conunand Mailbox. 

The Auth Requests are filled in vAxh the CID number rather than a credit card account 
number and its associated information. This needs to be done for each application, as the individual 
netwoiic int^aces are dififerent. 
35 3.5.2. Auth Approval. Denial or Timeout 

When the CID auth is approved, denied or timed out, the CID Primitive receives an auth 
reply firom the network communications code (see step 1724 and subroutine step 1726 of Fig. 1 7A 
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5 and flowchart 1700J ''Auth Reply*' of Fig. 17J). Fig. 16 is a spacial diagram showing the 
authorization request and rqply handling. The procedure decodejdd_auth_ replyO is called by the 
project-specific netwoilc conununications code. This procedure handles "decoding** the response 
from the network into a format that can be used by the application's auth reply handler. It then 
returns the decoded auth reply to the CID primitive. 

10 The format of the call is: 

decode_cid_auth_reply (parameters to be determined); 
This procedure is called by tfie plication network communications code. The procedure generates 
a command (process_cid_auth_rep]y) to the CID Primitive Command Mailbox to process and 
possibly forward the decoded Auth Reply. 

15 When a decoded auth reply is received by the CID Primitive, it first determines whether the 

CID is in the CID list Os in use) in step 1940. If no, the CID authorization or time out is thrown 
away in step 1943 . If yes» the QD Primitive stores a pointer to the auth reply in the CID structure, 
and changes the Auth Status for that CID (step 1942). If the CID is in use at a pump and the 
Forwarding Mailbox is set (step 1944), the CID Primhive sends the CID Auth Reply to the 

20 forwarding mailbox (step 1946). Note that m step 1946, if the Auth is approved, the Base 
CPS/Application will copy the billing information for the sale finalization. If the Auth is denied or 
times out, the Base CPS/AppKcation will terminate the sale and stop the pump. If in step 1944 the 
CID*s forwarding maDbox has not been set, then in stq) 1 948 the authorization information is saved 
fisr fiiture forwarding incase the CID is used later at a pump. 

25 The auth reply, after being forwarded to the correct mailbox, is handled by the application- 

specific code, which processes the auth reply. If the auth is approved, the application may continue 
the sale. If the auth is denied or timed out, the 2q)plication may stop the sale at the pump. 

Note Rgs. 17N and 17Q shows a flowchart 1700N of a "B^ CID Auth Task** 1950. The 
Steps 1750N, 1752N, 1754N, 1756N, 1758N, 1760N, 1762N, 1764Q, 1766Q, 1768Q, 1770Q, 

30 1772Q, 1774Q, 1776Q, 1778Q, and 1820Q are similar to steps 1750, 1752, 1754, 1756, 1758, 
1760, 1762. 1764, 1766, 1768, 1770, 1772. 1774. 1776, 1778, and 1820 of flowchart 1700D of 
Figs. 17D and 17E. Flowchart 1700N has the added step 1952 of determining whether the pump 
isinuse. Ifso, then in step 1954, any CID read at an in-use pump is ignored. 
4.0 QpIi&DS 

35 The foDowing are various descriptions of adcfitions or changes that may be made to the CID 

^stem. One or more of the variations may be made to the system at a time. 
4.1 CfiLWasb 
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5 For service stations that have an automated car wash, a stand-alone reader with a long-range 

antenna for d^ecttng vehide-mounted transponders and a short-range antenna for detecting key 
ring/card type transponders may be positioned at the entrance to the car wash. Customers can use 
either their vdiide-mounted transponder or hand-held transponder to pay for the car wash or be 
authorized for a free car wash if the service station gives free car washes for ifuding. 

10 The networic can keq> information r^arding the customer's prefi^ences for a car wash (such 

as a wash only, wax, dry, etc.) so that the customer does not need to input the information at the 
carwa^ but may proceed with the car wash once authorization is given. The prefermces may be 
di^layed at a customer-activated-terminal (CAT) provided on the stand-alone reader and 
overridden by presang appropriate keys at the CAT if desired. 

1 5 Where a service station provides free car washes and the customer has met the criteria for 

reoehni^ the free car wash, the CAT displays a niessage to the custoniert^ is entitled 

to the fiiee car wash. The customra* is also give the option to add other car wash s^ces (such as 
wax or dry) that mi^not be inchided with the free car wash. These additional services can then be 
charged against the customer's transponder account. 

20 4.2 Hand-Held Antenna 

As an option service stations could be provided with hand-hdd or wand-type antennas at the 
diq)enser islands. The hand-held antenna may be waved in front of a vehicle-mounted transponder 
by, for example, a gas station attendant who is dispensing &el at a fiiU service island. 

4.3 Noadc AntCTna 

25 As an option, reader antennas may be placed on the fuel dispenser nozzle, and the customer 

transponder may be placed in the inlet or neck of the vehicle gas tank. When the fiid nozzle 
dispenser nozzle is inserted into the gas tank inlet, the nozzle antetma detects the gas tank 
transponder. 

4.4 PTN Number 

30 As an option, the CID ^stem may be programmed to display a request at the CAT for a 

personal identification number (PIN)* The PIN would be a number different fit>m the CID number 
and may be used m lieu of a correct CID number readiqg or to verify a transponder reading of a CID 
number. In response to the PIN request, the customer would use the k^ pad at the CAT to ento* 
the PIN. 

35 4.5 Indoor Payment 

A key ring/card reader may placed inside the service station building for purchases of other 
products such as food, car supplies, or magazines that may be ofifered by the service station. For 
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5 example, many service stations include a convmience store that offers a variety of items for sale. 
A reader could be positioned near the check-out counter. The customer may wave a key ring/card 
type transponder past the reader in order to pay for items bdng purchased. 

4.6 Reward and Recognition 

The network keeps track of the customer's past purchases and buying preferences and 
10 provides rewards for frequent purchases. When a transponder is read, the CAT can display a 
message indicating rewards that the customer may be entitled to such as a car wash. 

The network can also kaep a profile of the customer and provide customized service for the 
customer based on the profile. The profile can inchide customer information such as: customer 
name, address, telephone number, date of birth, and security code; payment infonnation such as: 
15 primary method of payment(card number, valid dates, card type) and secondary method of payment 
(card number, valid dates, card type); pntmsnce information such as: CAT receipt desired, 
language (English, Spanish), car wash preference and purchasing information such as: product 
purdiased, date of purchase, amount of purchase^ quantity purchased. An example of customized 
servk:e based on a customer jnofile inchides the automatic printing of a receipt at the CAT. Or, the 
20 customer can obtain fiiU service fiieling, dispen^g of the fiiel by a service attendant. The 
customer merdy drives up to the dispenser, allow the vdiide-mounted transponder (or hand-held 
transpcmder) to be read by a dispenser antenna, and the network sends a signal to the attendant to 
dispense the fiiel. 

The profile of the customer can be constructed based on questionnaires completed by the 
25 customer and input into the network and by prior transactions completed by the customer. 

4.7 Car Diagnostic 

Many vehicles include computers that keep track of the car's diagnostics. For example, the 
computer keeps track of the radiator water levd, the oil level, and the car mileage. The CID 
traisponders tpay be linked to the vehicle's computer in order to read the diagnostic information and 
30 nuty broadcast the information to a service station CID antenna. The CAT at the service station 
dispenser can then display reminders based on the diagnostic information to the customer such as 
the car's oil needs to be changed. 

4.8 Attendant Control Over Pispenscr 

A servk:e station attendant may override the use of a transponder if fiwd is suspected. For 
35 example, an attendant mi^ wish to halt the diq>ensingof fiid at a punq> if the attendant suspects that 
the uso- was merely waiting at the pump until a vehicle vnih a vdiicte-mounted transponder wmt 
by and acthoited the authorization light on the pump. 
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S.O furfh^ System Description 

Attached as A ppendix D hereto is a further description of the CID syslon 10 as implemented 
with a commercially available fiiel dispensing i^stem, such as the Wayne Plus/2, Wayne Plus/3, or 
Nucleus fiid di^en^ systems available from Wayne Division, Dresser Industries, Inc. of Austin, 
Texas. SpedficaUy, the Appendix D illustrates certain changes to be made to the fiiel dispen^'ng 
control system for mcorporating the remote RF CID features of the system 10, including changes 
that can be made to the programming screens as part of the host computer 16, the network record, 
and the rq)orts and logs. Ahhougji illustrative embodimotts of the present invention have been 
shown and described, a latitude of modification, change and substitution is intended in the foregoing 
disclosure, and in certain instances, some features of the invmtion will be employed without a 
correq)onding use of other features. For example, any type of commerdally available dispensing 
system may be modified, adapted or replaced to comprise the system 10. Any number of pumps, 
islands, antennas, dispensing areas and kiosks may be induded as part of the systrai. Certain 
features are to be modified to me^ the sped&c needs of diflferent competing service station 
companies. Aspects of the opmiional flow of the system may optionally be used or not used. 
While the system may be used for r^ fiid dispensing; it is also understood that the system also 
has application for convenience stores, quick service restaurants, car washes and the like. For 
example, the system may have application at a drive-up wuidow or service counter. Accordm^, 
it is appropriate that the appended claims be construed broadly and in a manner consistmt with Ae 
scope of the invention. 
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5 APPENDIX A 

SLAVE READER LINE PROTOCOL 

1.1 GENERAL 

The data fink described here is based on a master/slave rdationship in which the master (the 
CPS) sends data commands to the slave units (the CPTs). The slave units will make q)propriate 
10 responses to the master-initiated communication. Under no circumstance will a slave initiate 
conununications. The communication is half-duplex and the protocol is transparent and l^e- 
oriented. The protocol allows variable-length. 

1.2 DATA FORMAT 

- Asynchronous Communication 
15 - 9600 Baud 

- 1 Start Bit 
-SDataBits 
-No Parity Bit 
- 1 Stop Bit 

20 1.3 DATA LINK HARDWARE 

The data link is 2-wire, multi-dropped, RS-48S. 
1.4 ERROR-CHECKING 

Error-diecking is via CRC-16 on aD transmissions. Parity is not required at the byte level 

snce CRC-16 is used on all data bytes tnmstnitted. 
25 1.5 MODE OF TRANSMISSION 

The mode of transmission shall be half-duplex, asynchronous, start-stop format. 

1.6 BUFFER SIZE 

Transmit and recdve bufiers at the Master and the Slave devices are variable and 
application-dependent. However, the maximum size is 2S1 bytes, excluding protocol control and 
30 inserted DLE bytes. ('Inserted DLE' bytes are used to achieve data transparency, as explained in 
the CODE TRANSPARENCY section.) 

1.7 PROTOCOL 

The protocol structure consists of a ^chronizing byte followed by the slave device byte, 
an optional data field, a stop byte and two CRC bytes. A protocol byte-map and a description of 
35 each byte follows. 

SYNC / ADDR / DataBytes(251 max) / SF / CRCl / CRC2 

SYNC Byte fFE hex) 
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The SYNC Byte indicates to the receiving device that the transmission of communication 
blodc is starting. It also indicates that the next byte transmitted contains the slave device address. 

ADDR Bvte (00 to FF hex^ 
The ADDR Byte is the address of the slave device. 

SF Byte (FP hex) 

The SF Byte (stop flag) indicates the end of control and data portions of the transmission. 
SF also indicates that the next two bytes contain the CRC of the transmission. 

CRCl and CRC2 Bytes 

CRCl is the least significant byte of the CRC-16 check v^ork. CRCl and CRC2 are 
calculated on the following bytes: SYNC, ADDR, (DATA, excluding inserted DLE's), SF. 

The Nfaster transmits a message according to the above protocol. The addressed Slave 
responds using the same protocol. 

After the Master or the Slave receives its last data, it waits a minimum of Sms before turning 
onitstnuianitter. TMsg^ves the send^ a chance to turn offitstnmsnnitter and turn on its recover. 

If the Slave detects a transnussion error, it does not respond. 
1.8 CODE TRANSPARENCY 

Code tranq^arenc^ for eight-^it data is achieved by Data Link Escape (DI£^ The 
DLE character byte has a value of OFCH. Notethat thisisnot the ASCII value for DUE. TheDLE 
character is inserted before specified data patterns in the protocol to clarify the meaning of those 
data patterns. Inserted DI£duuacters are not included in the CRC* 1 6 calculation. The rules for 
DLE insertion follow. 

VLE is inserted before any byte in the transmisaon that has a value equal to SYNC 
except the actual SYNC byte. This includes ADDR, all data bytes, CRCl and 
CRC2. 

DLE is inserted before any byte in the transmisrion that has a value equal to SF 
except the actual SF byte. Any byte, includes ADDR, all data bytes, CRCl and 
CRC2. 

DLE is inserted before any byte in the transmission that has a value equal to DLE. 
This allows the value of DLE to be transmitted to the receiver. Any byte, inchides 
ADDR, all data bytes, CRCl and CRC2. 
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APPENDIXB 

COMMUNICATIONS PROTOCOL BETWEEN HOST COMPUTER AND READERS 

The TIRIS™ S2000 reader application software available from Texas Instruments 
Incorporated includes a "Gate fimction** in which serial intmupts are disabled right before a 
'Transponder Recdve** routine. The TIRIS™ S2000 reader software synchronizes the readers by 
sending the synchronization line from a high to a low. The S2000 reader software is modified 
according to the present invention so that at the end of a charge cycle the syndironization line is 
forced high so that it is always the case that the line is low during the charge cycle. 

The original TIRIS™ reader software has what is called an inter-character time-out — if 
more than three character times went by, the reader 20 would call it a bad request and move on. 
Ahhmigh this was adjustable throu^ software, it is unusual and too rigid. This rigidity has the side- 
effixt of fimang the host computer 16 to accommodate the peripheral's timing rather than the other 
way around. 

Cooperative communications requires the host computer 16 only transmit during a charge 
pulse. If one were to use inter- character time-outs, it is pos^le that a message could be split 
between two charge pulses (this has been seen in tests). The result is that the TKIS''^ reader 20 
believes that it has recdved only part of a message (which it throws away). Since timing during 
commuidcations is so important, if the TDUS''^ reader 20 sees one character, it waits until a whole 
message has been scnU hanging in a loop until the time-out period has elapsed. 

In CHtler to allow reuse of e?dsting Wayne host computer communication libraries, the base 
level protocol has been redefined to follow the CPT, or slave unit, protocol (see Appendix A, 
herein), wluch is also known as the ""CAT protocoP*. Since this protocol is &iriy generalized in the 
way that data is formatted, it has been narrov^ defined for the reader 20. This protocol differs from 
the bus protocol used by the THUS™ S2000 Reader, which is also known as the TIRIS™ Bus 
Protocol available from Tescas Instruments Incorporated (see THUS™ Bus Protocol (TBP), Chapt^ 
7 in TDUS: Series 2000 Reader System Reference ManuaT, Texas Insiruments, (#RI-ACC-D0 1 A), 
which is incorporated hereiii by reference) in the followiiig ways: 

• Start of Header has been changed from OxOI to OxFE 

• End ofMessage has been dianged from 0x04 to OxFD 

• The CRC has ben changed from CRC-CCTTT to CRC-16 Cmitialized to OxFFFF). 

• All responses from readers contain, as thdr first byte in the data, the command code 
that initiated the response. 
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All commands to the reader have the following format: 



Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5. 



Byte 
lcn+5 



Byte 
len+6 



Byte 
len^7 



Start of Destina- Com- 

Header tion Source mand Length Data 



Byte 
0 
1 
2 
3 
4 
5 

LEN+5 
LEN+6 
LEN+7 



End of LSB of MSBcf 
Message CRC CRC 



Start of Header - always OxFE 

Destination - which reader this message goes to 

Source - the Host address (always 0x00) 

Command - command reader should mecute 

Length - length of data (can be 0) 

Data - data to send (if any) 

End of Message - always OxFD 
CRC - most agnificant byte 
CRC - least significant byte 



Rq)lies finom the Reader have the following form: 



ByteO Byte I Byte 2 Byte3Byte4 Byte 5... 



Byte 
len+5 



Byte 
Ien+6 



Byte 
lcn+7 



Start of Destina- 
Header tion Source Code Length Data 



Endof LSBof MSBcf 
Message CRC CRC 



Bvte 
0 
1 
2 
3 
4 
5 



Pcscription 

Start of Header * aiwsys -xFE 

Destination * the Host address (ahvays 0x00) 

Source - which reader this message cam from 

Re^onse code - described on pg. 7-8 of the "TIRIS™ Bus ProtocoP 

Length - length of data (never less than 1) 

Data - response. Fist byte is always the command that initiated 
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the response. 
LEN+S End of Message - always QxFD 

LEN^ CRC - most ^gnificant byte 

LEN+7 CRC -lease significant byte 

To allow for ''data transparmcy"*, the OPT protocol implements a special code called the 
Data Link Escape or DLE. The DLE is used prior to any character that may for some reason or 
another be a OxFE (Start of Header), OxFD (End of Message) or OxFC (DLE). Inserting a DLE 
prior to any of these three characters informs the receiving software to treat the next byte as data 
instead of a Start of Header, End of Message or even as another DLE. 

Example: 

Data Stream: 

03 22 FC FE FC FD 22 FD 
Data 

Dau 

DLE 

Data 

DLE 

Data 

Data 

End of Message 

Please note that DLE duiraaei^ are not included as part ofthe CRC computation. TheCRC 
is calculated on the data packet before DLE insertion. Therefore it is perfectly valid to have DLE 
characters inserted in the CRC. 
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APPENDKC 

READER SOFTWARE ENHANCEMENTS SOFTWARE 

The TIRIS™ reader software has been modified and enhanced according to the present 
5 invention by adding &nctioi^ synchronizing the antennas, and modifying the host computer-reader 
protocol to make it more robust. The enhancements made to the reader software are designed to 
add fimctionality without removing any that currently exists in conrmiercially available TIRIS™ 
reader software. The enhancements include, new command codes for the TIRIS™ Bus Protocol 
(see A ppendbc B\ controlling the antenna multiplexer, adding an antenna scan buffer, utilizing an 

10 on-boardDIP switdito set the address of the control board, and providing a new conmiunications 
scheme. The enhancements may be implemented by adding command codes to the TIRIS^ Bus 
Protocol, d^ed as Group 3 commands (96 to 127), ^ch have been reserved by Texas 
Instnimmts spedfically for the user. By adcfing commands in this area, potential fiiture conflicts 
with the TIRIS™ software fimctions are avoided. 

15 1.0 Sam Buffer 

The Scan Buffer is deagned to allow the host computer to retrieve all four antennas at once 
rather than individually. Part of this is accomplished by putting the system in Gate Mode. 

Gate Mode indicates that the system will do repetitive charge-read cycles normally storing 
any tran^)ond^ ID that it reads m the reader's queue for later access. This action has been modiiBed 
20 so that the data is actually stored in the Scan Buffer using the following algorithm: 

Set the reader *5 multiplexer to antenna N 
Charge tranqxmier (send it a Power Pulse) 
Readtranspondar 
25 if received transponder ID 

store trarqponder in Scan Buffer(N) 
else if ScmBuffer(N) has an ID and it has not been read by Host 

do nothing 

else 

30 dear Scan Buffer(N) 

Later, when the Scan Buffer is read, flags are set indicating that all four antermas have been 
read. This provides a latching" medumism where any transponder read remains in the Scan Buffer 
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untii it is read by the host computer (thereby avoiding the pit&U of the host computer missing any 
transponder reads due to where the host computer read fells within the antenna cycle). 
2.0 Command Codes 

These are the most viable part of the software enhancement and consists of the foUowing 
commands: 

0x40 (decimal 64) Returns the Wayne CID and TIRIS™ leviaon 

0x62 (decimal 98) Returns the antenna scan block results 

0x64 (decimal 100) Gate Power Pulse 

0x65 (decimal 101) Returns the read history 

0x66 (decimal 102) Return variable length antenna scan block results 

0x67 (decimal 103) Echo test data 

0x68 (dedmal 104) Enable/Disable Dispenser Lamps 

2.1 Get Version 

Command Code: 0x40(96) Immediate Mode Only 
Data Sent: None 

Data Returned: Success or failure indication. Success is' indicated the returning of a version 
number string (bytes 0-24 bytes). Failure is indicated by the standard Error- 
Response. 

Desoiption: This modifies the current Get Veraon command to the following: 

0 123 45 678 9 10 11 12 13 14 IS 16 17 18 19 2021 22 23 24 
Wayne CID x.xx TIRIS x.xx 

This fixed string makes it easy to test the va^on number of the CID (Customer 
Identificatk>n) software. The veraon of the TIRIS™ software is also returned for 
documentation and maintenance purposes. 

2.2 Get Antenna Scan Buffer 

Command Code: 0x62(98) Immediate Mode Only 

Data Sent: None 

DataRetumed: A total of 36 bytes are returned, 9 bytes per antenna (1 byte status and 8 byte 
trBiiqx>nder ID). Failure is indicated by the standard Error-Response. 
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Description: These represent the transponder code last seen. If no transponder was seen, then 
0x0000000000000000 is returned. This function r^ms a structure of the 
foOowing. 

typedef struct TransponderlD 
{ 

Byte Status; 

Byte TranspondcrID[8]; 

} TransponderlD; 

TransponderlD Rrtum Transponders [4]; 
The status returned will be one of the foUowirig: 
Valid Response Invalid Rfisponsg 

RO-TRP(OxOO) NO_READ (0x40) 

RWJTRP (0x01) INCOMPLETE (0x41) 

MPTCOTRP^U (0x02)^ MPTRERR_SPC J)ATA (0x46)^ 
MPTCOTRP_^L (0x03)^ MPTRERR^STATUS (0x47)^ 

Note: AO Status bytes are set to NO_READ after this conunand is executed. 

2.3 Get Variable I^gth Antenna Scan Buffer 
Conunand Code: 0x66(102) Immediate Mode Only 

Data Sent: None 

Data Returned: A variable kngfii blodc of data is returned conasting of one (no transponders) to 
37 bytes (all transpmiden); onebyteindicates which antenna data is being returned 
vnih 9 bytes per antenna (1 byte status and 8 byte tranqx>nder ID). Failure is 
inficated by the standard Error-Response. 

Desoiption: This is a variable length version of the Get Antenna Scan Buffer fiuiction. It was 
designed on the prmise that for a majority of the time, there will not be a 
tran^nder present. Even the normal case has two transpondm bang active (one 
on each side of the pump). The user of this function allows the reader to "waste** 
less time performing CRC's on empty packets. This function returns a structure 
of the following: 
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Struct PackeUnfo 

{ 

Byte AcitveAntenna; //bit 0 antenna 7, etc. 
struct //0-4of these follow 

Byte Status; 

Byte TransponderID[8]; 
] Antenna; 
} TranqHmdkr ID; 



10 



The status returned will be one of the following: 
VaHd Response 

RO_TRP (0x00) 
RW_TRP (0x01) 
15 MPTCOTRP_U^ (0x02) . 

MPTCOTRP_L* (0x03) 

Example (excluding packet body): 

20 00 no antenna 

01 00 4L..ff antranal 
04 0041...flF antennas 
O6 00 41...ff 0041...fir antenna 2 and 3 

O900 41...ff 0041...jBr antenna land 4 

25 

Note: M Status bytes in the Scan Buffer are set to NO JREAD after 

this command is executed. 

2.4 Gate Power Pulse 
Command Code: 0x64(100) Immediate Mode Only 

30 DataSmt: ByteO: 0x00 turns the Power Pulse off 

0x01 turns the Power Pulse on 



^Unlik^ this will be seen in a CID application, Le.^ in the present embodiment. 
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Data Returned: Success is indicated by the standard Command-Complied message. Failure is 

indicated by the standard Error-Response. 
Description: This function allows the Host to prevent a reader from emitting a Power Pulse, yet 

continue to operate. The antenna scan bufifers for that reader will eventually be 
5 cleared of all values. 

Turning the Pow«r Pulse on allows the reader to continue on with the next antenna 

(the same one that all the other readers are on). 
Note: When the power pulse is turned off the red LED will no longer flash. 

2.5 Get Read HistQiy 

10 Command Note: 0x65 (101) Immediate Mode Only 

Data Sent: None 

Data Returned: On success^ a total of 80 bytes are returned as 20 four byte unsigned integers. 

Future is indicated by the standard Error-Req)onse. 
Description: This fimction allows the Host to read history about the success and/or fulure of 
15 the reader to read transponder codes. It returns the data as follows; 

struct 
{ 

unsigned long ToialReads; 
20 unsigned long ToialSuccess: 

unsigned long TotalErrNotRead: 
unsigned bwg TotcdErrlncomplete; 
unsigned kn^ ToialErrOther 
} RetumedSmtct f4J; 

25 

This routine dears the totals immediatdy after sending them to the Host. 

2.6 Echo Test Data 

Command Code: 0x67(103) Immediate Mode Only 

Data Sent : Up to 200 bytes of test data. 
30 Data Returned: On success, the test data is returned correctly. Failure is indicated by the standard 

Error-Response. 
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Description: This function is designed to validate communication by a reader by allowing the 
user to send arbitrary data to a reader. The reader should return the same string 
it was sent. 

To test DLE in the CRC, send one QxFE to reader 1, for example^ 





Start 


Dst 


Src 


Cmd 


Len 


Data 


End 


CRC 


Host 

Transmits: 


FE 


01 


00 


67 


01 


FCFE 


FD 


4BCA 


Host 
Recdves: 


FE 


00 


01 


00 


02 


67FCFE 


FD 


FCFE 94 



Note that the DLE's are not counted in the length of the data. 

2.7 Enablc/DiaMg Dispenser Lamps 

Command Code: 0x68(104) Immediate Mode Only 

DataSent: Byte 0 - lamp number (1 or 2) 

Byte 1 -Ughtmode(0-o£^ 1 -on,2-flash) 

Data Returned: Success is indicated by the standard Command-Completed message. Failure is 
indicated by the standard Error-Response. 

Description: This function is designed to control the lamps that are on either side of the 
dispense (aica. dispenser or authorization lights). This command allows the user 
to indicate \^ch lamp should be turned on, off, or set to flash without affecting 
the state of the other lamp. This function is such that a lamp can go to any state 
from ai^ other state. For example the lamp can go from on-to-ofl^ on-to-flashing, 
off-to-on, off-^to-flashing, flashing-to-on, and flasMng-to-off. 

2.8 Scan BufTer Structure 

Durii^ die scan of the antennas, the ID Qf any transponder found will be stored in the eight 
bytes corre^onding to that antenna. Currently the antennas are defined as follows: 

Antenna 1 rlaige antenna on side 1 

Antenna 2:small antenna on idde 1 

Antenna 3:large antenna on side 2 

Antenna 4:small antenna on side 2 
The data is stored in a structure similar to the follo^g: 



typedef struct TransponderlD 
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{ 

vFisigrwd char Status; //antenna status 

unsigned char IDfSJ: //transponder id 

} TransponderlD; 

5 

TransponderlD ScanBuffer [4]: //four antennas 

2.9 Dip Switch Addressing 

Normally it requires a program comiected to the TIRIS™ configuration port to set the 
address port (as well as other parameters). Since this is a problem in the field, where technicians 

10 need to swap parts quickly with a minimum of set-up, the DIP switch that resides on the TIRIS™ 
board has been co-opted for this task. Four switches give a total of 16 unique addresses. Readers 
will have addresses that range fix>m QxOl throu^ QxlO (1-16). The master reader, in particular, will 
always have address 1 (QxOl) which will be represented by setting the master reader DIP switdies, 
numbered 1, 2, 3, and 4, to the ON, OFF, OFF, and OFF positions, respectively. Similarly, the DIP 

15 switches of a sbve reader with address IS (OxOF) will all be set to the ON po^on; and the DIP 
switches of a slave reader with address 16 (0x10) will all be set to the OFF portion. Because of 
how the DIP switches are used, readers can never be set to have an address of QxOO (the host 
address). 

In addition, the configuration is fixed at 9600 baud, 8 bits, 1 stop bit, no parity, TIRIS™ Bus 
20 Protocol, and Mux-Sync synchronization. 

2.10 Tuning Antmnas 

Tuning of the antennas is important for mor-fiw reception of the transponder data. The 
8inq>fest method of tumng is to unphig the multiplexer line (ST3S) coming out of the reader. The 
multiplexer will defiuih to antenna 1. 

25 2.11 CID System Test Plug 

The verification lamp is normally controDed by the host software whidi issues a conunand 
to the reader. There are some cases where it is handy to have the reader turn the lamps on lA^ra 
a valid tran^xnider is detected. This is accomplished by a "test phig". This test plug consists of a 
fi>ur pin Phoemx plug with a wire connecting pins 1 and 4. When this plug is inserted into socket 

30 ST33 (RES/INP) and the reader is reset (either by cycling power or pressing switch SI ), the CID 
software will turn on the appropriate lamp when it "sees" a transponder. 



wo 97/24689 PCr/US96/20860 

-69- 
APPENDKD 

ADDmONAL SYSTEM DETAILS 



1 . Detailed Systan Description 
5 1.1. Changes to Programming Screens 

For a station environment to operate with a CID system, certain programming screens will 
need to be added. An options screen, which contains the ability to turn CID functions on and off 
for an entire station, is added and is described in more detail below. The ability to turn on and off 
each reader is programmed. Also, if the station is configured for CID, a screen for the mapping of 
10 the antennae to the CATs is programmed. A diagnostic screen is added to display the status of each 
reader and its corresponding antennae. 

1.1.1. Options Screen 

The above mentioned screens can be added under the Plus/3 Options Menu of the 
Programming Menu on the Wayne Plus dispenser. 
15 The Options Soreen will contun the Station Options screen, the Reader Activation screen, 

the Antenna to CAT Mapfnqgsoneen, and the Diagnostic screen. Each of these screens is described 
below. The ''Reacter Activation'*, Antenna to CAT Moping", and "Diagnostics" screens will not 
be seen if a station is not configured to run CID. 

1 . 1 .2. Station Options Screen 

20 The Options screen, as shown in Table D-1 bdow, contains the information needed to setup 

a station for CID. 

SpeedPass allowed at station YES 

25 Table D-1: Station Options Soreen 

This screen allows the station to turn the CID option on or off for the entire station. This 
will allow stations to shut off the CID option in the event that the station does not want to operate 
with CID. ''SpeedPass^ is a comnmdal reference to the system 10. If ''SpeedPass allowed at 
30 station** is set to No, the "Reader Activation^ "Antenna to CAT Mapping*', and "Diagnostics" 
screens will not be seen on the Options Screen. 

1.1.3. Reader Activation Sa*een 



10 



16 
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A reader can be turned on or off at this menu. If a read^ is turned off, the 4 antennae 
associated with it will not be used. The Reader Activation screen is ^own in Table D-2 bdow. 

SpeedPass Reader 1 ON 

SpeedPass Reader 2 ON 

SpeedPass Reader 3 OFF 

SpeedPass Reader 4 ON 

Table D-2: Reader Activation Screen 

Turning a reader off for a particular pump may be necessary if an individual reader is 
malfunctioning. 

1 . 1 .4. Antenna to CAT Mapping Screen 

The Antrana to CAT Mapping Screen is shown in Table D-3 bdow. 

Antenna to CAT Mapping 
Rdr-Ant:CAT Rdr-Ant:CAT Rdr-Ant:CAT Rdr-Ant:CAT Rdr-Ant:CAT Rdr-Ant:CAT 



1- 1/2 : 1 4-1/2 : 7 
20 1-3/4:2 4-3/4:8 

2- 1/2 : 3 

2- 3/4 : 4 

3- 1/2 : 5 
3-3/4:0 

25 Table D-3: Antenna to CAT Mappirig Screen 

The Antenna-to-CAT Mapping screoi indicates which antemue are positioned on which 
CATs. There are two antennae per CAT. The odd numboed antennae viiSl be the long range 
antmnae that read the mounted transpcmders. The even numbered antennae will be the short-range 
30 antennae that read the hand held transponders. 

If the CAT number is a "0", then the antennae are not physically connected to a CAT and 
are ignored. An example of tUs type of reader setup is for a single-sided CAT where the reader only 
has 2 antennae connected. 
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1.1.5 Diagnostic Screen 
This screen will pn»nde the status of CIDs at the antennae. This iscreen will serve as an aid 
in the ddnigging process. An example of this scnea is shown below in Table D-4. 



Rdr-Ant 



SpeedPass Diagnostics 
Mounted CID # 



Hand-Held CID# 



10 



15 



1-1/2 

1- 34 

2- 1/2 

2- 3/4 

3- 1/2 
3-3/4 
Refiredi 



1234S67890I234S6789 
0000000000000000000 
3456789012345678901 
4567890123456789012 
0000000000000000000 



III I IIIIIII IIIIIIIIIIIII IIIIIIIII 



Table D-4: Diagnostics Screen 



ijxixijj:i:i:ij:m • I i:#:i 



1234567890123456789 



»aixi:ixi:«am:i:ij:i:ixi 



2345678901234567890 



iJXIJJJjJJiMJJJiMXl 



UJJJJJJJJJJJJ • 1 1 • I 



20 



25 



30 



1 .2. Networic Reccnd Changes 

1.2.1 CID Authorization Request 
For the CID authorization request, 'ICID** will be prepended to the 20 digits read from the 
transponder and sent in the magnetic stripe field of the authorization record. 
1.2.2. CID Authorization Reply 
For the CID authorization reply, Networic will send the account numba- back in the reply 
record with the following fidds 

Field S, record type will be s^ to "A** denoting a CID transaction 
Fidd 8 (new fiddX account numbor - 1 9 t^es of account number, space filled 
Field 9 (new field), expiration date - 4 bytes 
Field 10 (new fidd), print recdpt indicator - 1 byte 
Fidd 1 1 (new fidd), prompt for car wash indicator 1 byte 
Fidd 12 (new fidd), language indicator - 1 byte 
Fidd 13 (new field), reward indicator - 1 byte 
Rdd 14 (new fidd), preference indicator - 1 byte 
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• Field 1 5 (new field), preference data - 40 bytes 
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The print recdpt indicator (fidd 10) denotes i^^iedier the receipt will be automatically printed 
or the customer vim be prompted. If a ' Y* is received in the authorization response, the recdpt will 
5 automatically be printed for the customer if a 'N' is received in the authorization response, the 
customer will be prompted "Press Yes for a receipt". 

The prompt for car wash indicator, the language indicator, and the reward indicator (fields 
1 1, 12, and 13 respectively) will be implemented in a future release. 

The preference indicator (field 14) denotes whether the preference data field is present or 
10 not. The first 33 bytes of the preference data field (field 1 5) will be displayed on the indoor console 
in the pump message window. 

1.2.3. CID Sale 

For the CID sale completion, the 37th position of the magnetic stripe data will contain a "C* 
indicator stmilar to a manual entiy . 
15 1.3. Reports & Logs 

The reports and authorization log will change for any transactions involving CID to include 
the CID number. The reports that wiD change are the Denied CAT Pre-Auth report and the 
Hardware Configuration report The proposed dianges are described below. Non-CID transaction 
will be reported as they previously were, with no change to the logs or the Denied CAT Pre^Auth 
20 report. 

1 .3. 1 . Authorization Log 
The authorization log will be changed for CID to indicate that a CID transaction has 
occurred. The Cn)munber will be added under the account number fidd on the log. Anexample 
25 oftlie CID authorizaficm log is shown bdow in Table D-S. The proposed changes are in bold fiure 
print ff'the transaction is a CID pre-auth0.e. the Pre-auth field in the card table is set to 'Y'),the 
tide on the authorization log will be ''SP PRE AUTHORIZATION". 
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051695 14:30:36 SP AUTHORIZATION 

Acct # 805 086 000 91 906 Exp 0697 

SP # ICm 1234 5678 9012 3456 7890 

Addr # 1 TID#01 AmountSlO.OO 
Host Message: OK TO PUMP 05000 

Table I>5: Authorization Log 

1.3.2. Denied CID / Tuned-Out CID 
If a customer has removed the nozzle on a Vista pump or lifted the lever on a non*Vista 
pump and the auth received from the network is denied, the transaction will be treated as a Denied 
Pre-Auth, shown in Table D-6 below. 

Station 

Report Taker: Donna 

Denied CAT Pre-Auths X Report 

Start Time: 12:00:00pm Tue 09 May 95 

FUEL TICKET #002929 
05/17/95 06:05:18 PMP#01 

CR Acct 805 086 000 91 906 Exp. 0597 
SPECIAL Grade#02 Amt$ 11.78 



x0006el0s01tl 04:2S:00pm Wed 24 May 95 

Table D-6: Denied CAT Pre-Auth Report without SpeedPass 

The MoMed Denied CAT Pre-Auth report will include CID numbers as shown in bold &cc 
print in Table D-7 bdow. 



Station 
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Report Tal«r Donna 

Denied CAT Pre-Auths X Report 

Start rune: 12:00:00pni Tue 09 May 95 

FUEL TICKET #002929 
05/17/95 06:05:18 PMP#01 

CR Acct 805 086 000 91 906 Exp. 0597 
SP #1CID 1234 5678 9012 3456 7890 
SPECIAL Gra(te#02 Amt$ 11.78 

x0006elOsOUl 04:25:00pin Wed 24 May 95 

Table D-7: Modified Denied CAT Pre-Auth Report with SpeedPass 

If a customer has lemoved the noEzle (Vista puaap) or lifted the lever (non-Vista pump) and 
the network goes down prior to recdving the auth response, the transaction wll be treated as a 
Denied CAT Pre-Auth (the report is shown in Table D-8 below). The account number and 
ejqnration date fields wiU be printed with all zeroes to intficate that a time-out has occurred prior 
to receiving the auth C> e- no account information is available at that time). 

Station 

Report Taker: Donna 

Demed CAT Pre-Auths X Report 

Start Tme: 12:00:00pm Tue 09 May 95 

FUEL TICKET #003131 
05/17/95 06:05:18 PMP#01 
CR Acct 000 000 000 00 000 Exp. 0000 
SP#1CID1234 5678 9012 34567890 
SPECIAL Graded 02 AmtS 11.78 



x0006el0s01tl 04:25:00pm Wed 24 May 95 
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Table D-8: Demed CAT Pre-Auth Report with SpeedPass and No Auth Response 



1.3.3. Hardware Configuration Report 
The Httxiware Configuration Report wiU chaise to indude ^ 
5 information. A sample rq^ort is ^own in Table D-9 below. . 

Station 

Report Taker: Donna 
10 H/W Configuration Report 

POS CPU: 

Vfsyne PlusfZ Release 2. lOe 
DATE: Mar 23. 1995 



15 



FUMPl: 
TYPE: 3 Product 
REVISION: 15 
20 PUMP 2: 

TYPE: 3 Product 
REVISION: 15 
SPEEDPASS READER 1 : 
REVISION: 1.23 

25 

X000E04S01T1 08:00:00am Mon 1 Jan 95 
Table D-9: Moifified Hardware Configuration Report with SpeedPass 

30 1.4. CAT Display Changes 

If the CID light is on and the CID idle prompt **B^ Fuding or Caned SpeedPass" is 
displayed at the CAT, incficating a CID has been read at the CAT, and the nozzle has not been 
removed or the lever has not been lifted, the customer may press the caned to override the CID 
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piymeiit method. The CAT wUl prompt the customer Xancel use of SpecdPass?(Y/^^ If Yes 
is pressed, the CID li^t will turn off and the CAT will display the nonnal idle prompt (e.g. ^Insert 
card or Begin Fueling''). If No is pressed, the CAT will display ""Begin fueling or Cancel 
SpeedPass"" and the scenario will continue as if the cancel key was never pressed (i e. as a CID 
5 transaction). 

Table D-10 below describes the idle prompts that will be used if a CID has been read. 





Stadon Opeiadott 


Cunent Idle Display* 


NewIdieDi^y' 


Ill 


Postpay 


Insert card or B^in fuding 


B^;in luding or Cancel SpeedPass 


Postpay/Netwoik Down 


Pump ftrst then Pay inside 


Network down Press cancel 




Postpay w/B AC 


Insert card/cash or Remove nozzle 


Begin fueling or Cancel SpeedPass 


15 


PdsQk^ w/BAC/Netwoik 
Down 


Pump first then Ps^ inside 


Network down Press cancel 




Prepay 


Insert card or Fay cashier 


Begin fueling or Cancel SpeedPass 




Prepay/Network Down 
Picpay w/BAC 


Pay cashier before fueling 
Insert card/cash or Pay cashier 


Network down Press cancel 
Begin fueling or Cancel SpeedPass 




Prepay w/BAC/Netwoik 
Down 


Insert cash or Pay cashier 


Network down Press cancel 


25 


FttUSeive' 


Card, Nozzle or Preset 0.00 


Card, Nozzle or Preset 0.00 




FnU Sen«/NeCwoik Down' 


Remove Nozzle or Preset 0.00 


Remove Nozzle or Preset 0.00 


30 


FuUSeivew/BAC' 

FiiU Save WBACVNet Down* 


Card, Qish, Nozzle or Preset 0.00 
Cash, Nozzle or Preset 0.00 


Card, Cash, Nozade or Preset 0.00 
Cash, Ncozle or Preset 0.00 




Unanenctecl 


Insert card 


Begin fueling or Cancel SpeedPass 


35 


Unattended w/B AC 

Unattended w/BAC, Net 
Down 


Insert card or cash 
Insert cash 


Begin fueling or Cancel SpeedPass 
Network down Press cancel 



^ Idle Prompts 
40 ^ Proinpts to be iisedifstatKHi is configured for CID and a transpo^ 
' Idle prompts in full serve mode vnH not change 



Table D-10: CAT Idle Prompt Changes 
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2. Additional Features 

2.1. Multiple Transponder Use 

A transponder may be used at more than one pump at a time. A warning syst^ has been 
unplemented to inform the cashier that a transponder is currently bdng used fora CID sale at one 
5 pump and a sale is be^nning at another pump that will use the same CID. An inform message is 
displayed on the POS for the second use of the CID when the nozzle is removed for a Vista pump 
or when the lever is lifted for a noii-Vista pump. The cashier is required to acknowledge the 
message, the customer is not stopped in any way fixjm using this transponder in a multiple use 
scenario. If the cashier does not want the customer to use the transponder in this manner then the 
10 cashier must hit pump stop or notify the customer. 

The message displayed on the indoor POS is "CID at CAT #X in use at CAT #Y". The 
cashier will then press the acknowledge key. An error log message. "CID IN USE AT OTHER 
CAT', wili also be printed. 

2.2. Reward Indicator 

15 The authorization response received from the host contains a reward indicator field. If this 

fidd contains a 'Y\ then the CID Hght will flash ofifand on until the end of the sale, if tins fidd 
contains a then the CID light will remain on as before indicating that a CID has been read. 
When the Eght is in flash mode, the light is not an indicating of a CID in read range anymore; if the 
nozzle is removed for a Vista pump or lifted for a non-Vista pump when the light is off during tWs 
20 flash mode, the sale is a CID transaction. 

2.3 . Blank Read Threshold 

The Station Options Screen has been modified to include a programmable blank read 
threshold as ^wn in Table D-1 1 bdow. This fidd is used to aid in weeding out felse CID reads, 
these blank reads can occur while the CID is actually in read range. This option allows 
25 programnung the number of consecutive blanks that register that the CID has moved out of read 
range. The CID light vnll not be turned off for a mounted CID until the number of consecutive 
blank reads threshold is readied. 

SpeedPass Station Options 

30 

SpeedPass allowed at station 

Blank CID reads required to indicate no CID 



YES 

..5 
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TabIeD-11: Modified Station Options Screen 
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2.4. CID Light Operation for Denied Mounted CID Authorization 

For mounted CIDs, the CID light will be turned off whenevo* a denied authorization is 

received from the host. The light wiU not be turned on again after the nozzle is replaced for that 

mounted CID. 

3. Miscellaneous Additional Features 

The following items may also be implemented: 

• Use Car Wash preference 

• Use of transponders indoors 

• Turn on car wash 

Display reward at the CAT during fiieling 

• Flashing 'T*' for customer preferences display on the console 

• Use ofthe language indicator 

• Poor Man's Store & Forward 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A dispensing method with radio frequen^ customer identification capabilities for 
chaiging a customer for sales transacted by the customer, the method comprising: 

detennining whether a transponder containing customer identification data is within range 
of a dispenser, the dispenser requiring activation by the customer to initiate a transaction and 
including a reader assodated therewith for emitting radio frequency signals within the dispenser 
range, and for receiving customer identification data fi-om the transponder responsive to the emitted 
radio firequency signals received by the transponder; 

determining whether the dispenser has been activated by the customer following a 
determination that the transponder is within the dispenser range; 

upon activation of the dispenser foUowing the d^amination that the transponder is within 
the dispenser range, associating the customer identification data recdved by the reader with a 
transaction at the activated dispenser, whereupon the transaction at the activated dispenser is 
p«initted and charged to the customer according to the custcHner identification data. 

2. The method of claim 1 finther comprismg^ prior to permittinig the transaction at 
the activated dispenser, detemuning whether a customs account corresponding with the customer 
identification data is valid and authorizing a charge of the transaction only to a valid customer 
account. 

3. The method of daim 2 wherein the customer account validity determination 
includes access to a remote card processing network for account verification. 

4. The method of daim 2 wherein the customer account validity determination 
indudes access to a local file for account verification. 

5 . The method of daim 2 wherein the custbrno* account validity determination occurs 
following activation of the at least one dispenser. 

6. The method of daim 2 wherein the customer account validity determination occurs 
prior to activation of the at least one disposer.. 
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1 7. The method of daim 1 wherein the dispenser is a &d dispenser. 

1 8. The method of daim 1 wherein the transponder is vehide-mounted. 

1 9. A diq)enang method with radio frequency customer identification capabilities for 

2 charging a customer for sales transacted by the customer, the method comprising: 

3 d^ermining whether a transponder containing customer identification data is within range 

4 of a dispenser, the dispenser requiring activation by the customer to initiate a transaction and 

5 induding a reader assodated theremth for emitting radio frequency signals vnthin the dispenser 

6 range^ and for receiving customer identification data fitim the transponder responsive to the emitted 

7 radio finequency ^gnals recdved by the transponder, 

8 pro^odiqg an in-range indication to the customer when the transponder is within the dispenser 

9 range; 

10 determining whether the dispenser has been activated by the customer following a 

1 1 determination that the transponder is witlun the ^spenser rang^ 

12 upon activation of the dispenser following the determination that the transponder is within 

13 the dispense range, associating the customer identification data recdved by the reader with a 

14 transaction at the activated dispenser, whereupon the transaction at the activated diq>ensa' is 

15 pennitted and diarged to the custonier according to the customer identifica^ 
16 

17 10. The method of daim 9 further compri^g: 

18 de&uhii^ to a manner of processing the transaction at the disp^iser that does not charge 

19 the customer accorfing to the customer identtficadon data when a time limit has been exceeded 

20 before the dispenser is activated following the detemunation that the transponder is witlun the 

21 dispenser rai^. 

1 11. The metiiod of daim 9 fiirther conq>rising: 

2 defiuilting to a manner of procesang the transaction at the disposer that does not charge 

3 the customer according to the customer identification data when the customer sdects an alternative 

4 payment method. 



1 



The method of claim 9 fiirther compriang: 



wo 97/24689 PCr/US96/208tiO 



.81- 

1 defaulting to a manner of processing the transaction at the dispenser that does not charge 

2 the customer according to the customer identification data when the transponder is not v^thin the 

3 disposer range for a specified length of time prior to customer activation of the dispenser. 

1 13. The method of claun 9 fiirther comprising: 

2 defaulting to a manner of processing the transaction at the dispenser that does not charge 

3 the customer according to the customer identification data when the transponder is no longer within 

4 the dispenser range following activation of the dispense. 

1 14. The method of claim 9 further comprising: 

2 overridii^ the provision of an in-raqge indication to the customer when the transponder has 

3 been previously utilized to conqplete a transaction at a dispenser witMn a predetermined time period. 

1 15. The method of claim 9 further comprising: 

2 performing customer-^ecific activities at the dispenser responsive to the customer 

3 identification data received by the reader. 

1 16. The method of daim 9 wherein the transponder is vdiicle^mounted and the 

2 dispenser is a fuel dispenser. 

1 17. The method of claim 9 wherein the transponder is hand-held by the customer. 

1 18. The method of claim 9 further compriinng deactivating the customs indication 

2 upon completion of the transactioa 

1 19. The method of claim 9 further compriang: 

2 upon detennining that the transponder is within the dispenser range, displaying at the 

3 dispraise a customer indication to b^gin the transaction. 

1 20. The method of daim 9 whardn the dispenser is a fuel dispenser having a nozzle, 

2 and activation of the disposer comprises lifting the nozzle. 
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1 21. The m^od of claim 9 wherein the dispenser is a fiiel dispenser having a nozzle 

2 lever, and activation of the dispenser comprises lifting the noz2de lever. 

1 22. The method of daim 9 \^)eretn the dispenser is a dispenser having a select switch, 

2 and activation of the dispenser comprises operating the select switch. 

1 23. The method of claim 9 fijrther compriang, prior to perniitting the transaction at 

2 tfie activated dispenser, determining wh^her a customer account corresponding with the customer 

3 identification data is valid and authorizing a charge of the transaction only to a valid customer 

4 account. 



1 24. The method ofclaim 9 wheiein the tnuiqxmder is a read-write transport 

2 the customer identification data of the transponder can inchide historical transaction information that 

3 is updated upon use. 

1 25. A file] dispensing method with radio fiequency customer identification capabilities 

2 for diaiging a customer for sales transacted by the customer, the method comprising: 

3 determinii^ whether a vddcle-mounted transponder containing customer identification data 

4 is within a vdiide fiieling range of a diq>enser, the dispense* requiring activation by the customer 

5 to initiate a transaction and induding a reader assodated therewith for emitting from a first antenna 

6 radio fi^uen^ signals within the vdiide fitding range, and for recdving customer identification 

7 data firom the transponder responsive to the emitted radio fi^uen^ agnals recdved the 

8 tranqfKMider; 

9 providing an innnnge infication to the customer \iAien the transponder is within the vdiide 

10 fiiding range; 

11 determiiung whether the Aspmser has been activated by the customer following a 

12 d^ermination that the transponder is witlun the ydiide fiiefing range; 

13 upon activation of the dispoisor following the determination that the transponder is witlun 

14 the vehicle foding range, assodating the customer identification data received by the reader with 

15 a transaction at the activated dispenser, whereupon the transaction at the activated dispenser is 

16 permitted and charged to the customer according to the customer identification data. 
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1 26. The method of claim 25 further comprising: 

2 determining whether a hand-held transponder contaming customer identification data is 

3 within a dose range of the dispenser, the dispenser reader including a second antenna for emitting 

4 racfio firequoicy signals within the close range, and for recdving customer identification data from 

5 the transponder reqxnusve to the emitted radio fi-equmcy signals received by the transponder, and 

6 when the hand^ieldtnmsponder is vdthin the close range before the dispenser is act^^ 

7 overriding the use at the dispenser of the vehicle-mounted transponder, whereupon following 

8 activation of the dtspensor and assodation of the hand-hdd customer identification data received 

9 by the reader with a transaction at the activated dispenser, the transaction at the activated dispenser 

10 is permitted and charged to the customer according to the hand-hdd transponder customer 

11 identification data. 

1 27. The method of daim 2S v^rdn the dispenser is a fud diq>enser having a nozzle, 

2 and activation ofthe dispenser comprises lifting the nozzle. 

1 28. The method of claim 25 wherein the dispenser is a fud dispenser having a nozzle 

2 lever, and activation ofthe diq)enser comprises lifting the nozzle lever. 

1 29. The method ofdaim 25 ^^lerdn the anteniia is a hand-hdd antenna which may be 

2 waved in fix>nt of the vehide mounted transponder for placing the transponder in dispenser range. 

1 30. The method of claim 25 >^erein the vehicle includes an on-board computer and 

2 the tranqxmder is linkable to the on-board computer for reading vehicle diagnostic information for 

3 transmission from the transponder to the antenna. 

1 31. The meUiodofdaim 26 iK^ierdn a reader is iriaced inside as 

2 for use of the hand hdd transponder for completing transactions at the service station builc&ig 

3 reader. 
4 

5 32. ThenKthodofdaim25 wherein a reader is associated with a car wash for use of 

6 the transponder for compl^g a car wash transaction. 
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1 33 . A dispensing system with radio frequency customer identification capabilities for 

2 charging a customer for sales transacted by the customer, the system comprising: 

3 means for d^ermining whether a transponder containing customer identification data is 

4 within range of a disposer, the dispenser requiring activation by the customer to initiate a 

5 transaction and inchiding a reader associated therewith for emitting radio frequency signals within 

6 the di^)en5er range, and for receiving customer identification data from the transponder responsive 

7 to the emitted radio frequracy signals received by the transponder; 

8 means fiir providing an tn-range indication to the customer ^en the transponder is within 

9 the dispenser range; 

10 means fiir determining wb^er the dispenser has been activated by the customer following 

11 a determination that tfie transponder is within the dispenser range; and 

12 means for, upon actuation of the dispenser following the d^ermination that the transponder 

13 is witMn the dispenser range* associating the customer identification data received by the reader with 

14 a transaction at the activated dispenser, whereupon the transaction at the activated dispenser is 

15 permitted and charged to the customer according to the customer identification data. 

1 34. The system of clann 33 wherdn the dispenser is a fiiel dispenser having a nozzle, 

2 and activation of the dispenser comprises lifting the nozzle. 

1 35. The system of claim 33 wh«^ the dispense is a fiiel dispenser having a nozzle 

2 lever, and activation of the dispenser conq>rises lifting the nozzle lever. 
3 

4 36. The system of daim 33 forther comprising means for, prior to permitting the 

5 transaction at tiie activated diqpenser, determirong whetiier a customer account corresponding with 

6 die customer identification data is valid and authorizing a charge of the transaction only to a valid 

7 customer account. 

1 37. A dispensing system with radio frequenqr customer identification capabilities for 

2 diarging a custcHno- for sales transacted by the customs using a transponder containing customs 

3 identification data, tfie system compri^g: 

4 a plurality of dispensers each for pro^ading a customer transaction; 

5 an antenna assodated with a dispensing area of each dispenser; 
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at least one reader connected to at least one of the antennas for emitting radio frequency 
signals from the antomas within a range of each dispensing area, and for recdvmg customer 
identification data from the transponder, the customer identification data being received by the 
reader responsive to the emitted radio fiequoicy signals when the transponder is within the range 
of the dispensing area; 

means for synchronizing the enutted radio frequency signals from the antennas to avoid 
customer idoitification data being recdved by an antenna associated with one of the dispensing areas 
from a transponder located in a different one of the dispensing areas; and 

processing means connected to the at least one reader and to the dispensers for associating 
customer identification data recdved at a dispen^g area with a transaction at the assodated 
Aspeaser^ whereupon the transaction at the dispenser is charged to the customer according to the 
customer idmtification data. 

38. The system ofdaim 37 wherein a first set ofthe antennas fiu:es a first direct 

a second set of the antennas fiioes a second direction, the synchronization means compri^g means 
for cauai^ the radio fiequency signal emisaons from the first set to occur at different times relative 
to the radio firequency signal emissions torn the second set. 

39. The qfstem of claim 37 wherdn the synchroiuzation means comprises: 

means for causing the radio fiequency ^gnal emissions fix>m antennas orioited in directions 
generally fiidng each other to occur at different times relative to each other. 

40. The system of daim 37 wherein the radio fi^uency signal emissions fit>m each 
antoma are separated by a sync time between emissions and at least one of the antennas is oriented 
in a first direction and at least one of the antennas is orimted in a second direction, such that the 
i^chronization means causes the antennas oriented in the first direction to emit radio firequency 
signals during the sync time of the emisaons of the antennas oriented in the second direction. 

41. The system of daim 37 wherein the at least one reader indudes a mast^* reader 
having a processor and at least one diannd to ^di an antrana is connected, and at least one slave 
reader having a processor and at least one channd to vMch an antmna is connected, the 
synchronization means comprising: 

a synchronization signal line connecting the master and slave reader processors; 
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1 a synchronization signal operating between first and second states and being generated by 

2 the master reader processor on the synchronization signal line such that whm the syndironizadon 

3 agnal is in the first state the master reader processor instructs radio frequency signals to be emitted 

4 fi-om the antenna connected to its at least one channel and the slave reader processor instructs a 

5 radio fi^uency signals to be emitted from an antenna connected to its at least one channel, thereby 

6 synchronizing radio frequency emissions by the antennas connected to the channels of the respective 

7 readers. 
8 

9 42. The system of claim 41 wherein each of the at least one readars includes at least 

10 first and second channels, eadi having an antenna connected ther^o, and wherein the 

11 syndironization signal includes a variable length pulse» the length of which incficates the particular 

12 one of the at least first and second channels, such that the synchronization agnal variable length 

13 pulse instructs the master and slave reader processors to emit radio fi-equency agnals on the 

14 antennas connected to the same one of the at least first and second channds at the same time, 

15 th^diy synchronizing radio htqaency emisaons by the antennas connected to the same chaimels 

16 of the at least first and second diannds. 

1 43. A dispensing system with radio fi^equency customer identification capabilities for 

2 charging a customs for sales transacted by the customer, the system compn^ng: 

3 a transponder containing customer identification data; 

4 a di^enser for providing a customer transaction; 

5 antennas each associated with respective disposing areas on each side of the dispenser; 

6 an in^range inficator to the customer assodated with the (fispenser for indicating when the 

7 transponder is witlmi the range of one of the dispensing areas; and 

8 at least one reader comiected to the antennas fi)r emitting radio firequency^ 

9 antennas vAAin a n^ge of eadi dspensiqg area, and for receiving customer identification data firom 

10 the transponder, the customer tdenttfication data being recdved by the reader re^nsive to the 

1 1 emitted radio fi^equency agnals yAnat the tran^nder is within the range of the dispensing area; and 

12 piocesang means connected to the at least one reader and to the disposers for associating 

13 customer identification data received at a dispensing area with a transaction at the assodated 

14 dispenser, v^fhereupon the transaction at the dispenser is charged to the customer according to the 

15 customer identification data. 
16 
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44. The system of claim 43 wherein the antennas extend outwardly fiom opposing si des 
of the dispenser and are aligned relative to the dispenser so that one side of each antenna generates 
an electromagnetic field downwardly and outward from the dispenser directed toward the dispensing 
area and the other side of the antoma generates and electromagnetic field up and away from the 
oth^ side of the dispenser. 

45. The system of daim 43 wherein the antennas extend outwardly from opposing sides 
of the dispenser so that the plane of the antenna is substantially perpendicular to the sides of the 
dispenser. 

46. The ^em of daim 43 wherein the range is approximatdy 60-84 inches in depth 
from the side of the dispenser. 

47. The system of daim 43 wherdn the antennais are short range antennas moimted 
relative to the diqienser for use by a hand-hdd transponder. 

48. The system of daim 47 wherein the transponder range of the short range antennas 
is q)proximatdy three to ax indies. 

49. The system of daim 43 wherein the antennas comprise: 

' long range antennas mounted rdative to the dispenser for use by a vehicle mounted 
transponder, and 

short raqge antennas mounted relative to the dispoiser for use by a hand-hdd tnmsponder. 

50. A diq)ensirig ^em with radio frequency customer identification capabilities for 
charging a customer for sales transacted by the customer, the system comprising: 

a transponder containing customer identification data; 

a dispenser for providing a customer transaction ^^thin a dispensing area; 

antennas each associated with the dispenring area of the dispenser, the antennas induding 
a long range antema located rdative to the dispenser for use by the tnmsponder of a type mounted 
to a vdude, and a short range antenna located rdative to the dispenser for use by the transponder 
of a type that is hand-held; 
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at least one reader coimected to the antennas for eniitting radio frequem^ ^gnals from the 
long range antenna within a sdected long range of the dispensing area, and from the short range 
antenna within a selected short range of the dispensing area, and for receiving customer 
identification data from the transponder, the customer identification data bdng received by the 
reader responsive to the enutted radio frequency signals when the transponder is within its range of 
the dispensing area; and 

processing means connected to the at least one reader and to the dispenser for associating 
customer idmtification data received at the dispen^g area with a transaction at the dispenser, 
whereupon the transaction at the disposer is charged to the customer according to the customer 
identification data. 

1 SI. The system of claim SO fiirther comprising an in-range indicator associated with 

2 the dispenser for indicating to the customer when the transponder is within its range of the 

3 (fispmsing area. 

1 52. The systm of claim SO wherdn when both the vdiicle mounted transpond^- and 

2 the hand^tdd transponda^ are within range of the dispensing area, the processing means overrides 

3 the use of the vefaide mounted transponder for diai;^ng the transaction to the customer and instead 

4 allows use of the hand-hdd transponder for charging the transaction to the customer. 
5 

6 S3. The^stemofdaimSO^i^dierdnthesdectedloi^ 

7 distance fixnn the diq>enser. 

1 S4. The system of daim SO vrfierdn the sdected short range comprises a location 

2 within several inches from the short range antenna in which the short range transponder may be 

3 waved by the customer. 
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